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UITE recently the examination of metals and alloys 
in polarised light has proved of great importance to 
metallography.t In the year 1901 J. K6nigsberger 

suggested that the use of polarised light would be valuable 
for the examination of opaque surfaces of metals, ores, etc. 
Except in the examination of ores (chalcography), for which 
it had been considerably developed, no special attention 
had been given to the method. In the case of metals, 
apart from a few references,” which caused L. C. Glaser* and 
J. Weerts*‘ to interest themselves in the subject, no thorough 
survey of this science had been undertaken. 

In recent years, however, attention has been directed 
more and more to this phase of metallurgy by Professor 
D. M. v. Schwarz, who through his exhaustive investigation 
over many years, and after overcoming the difficulty with 
regard to apparatus, has developed this method as a 
practical means for the further investigation of metals. 
His first publication of this subject dealt with the investiga- 
tion of non-ferrous alloys.® 

In the present work attention has been directed to iron 
and its alloys, an important field on which none of the 
few workers have hitherto touched. The investigation has 
been based on the various structures in iron and steel under 
the polarisation microscope ; their peculiar behaviour from 
cold work and deformation is one of the most valuable 
results. The systematic survey of various etched slides 
of steel, with different heat-treatments, has revealed a most 
accurate method of distinguishing the structures, which 
govern the mechanical properties of the material. The 
appearance of graphite and other foreign inclusions in their 
natural colours under polarised light is not only very 
interesting, but informative. 

As experienced with every new branch of physical 
science, it is not possible at the outset to offer any complete 
theory which will explain the effect and phenomenon 
observed when polarised light is reflected from metallic 
surfaces. It is hoped, however, that after collecting 
sufficient data of quantitative work, a more or less syste- 
matic knowledge will be gained. 

All the results obtained are observed under cross nicols, 
although the variation of colour is best seen by inserting 
a gypsum plate iv the path of the rays. Unfortunately, 





* This paper will shortly be published in full in F.A, wher Metallkunde und Routgen 

Metaliographic Verlag. Fritz and Joseph Voglrieder, Munich and Leipzig. 
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Physik, 7, 1926; No. 2, pp. 90-92. 
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no colour photographs have been taken ; nearly all of the 
structures, however, can be clearly examined by black 
and white reproductions, and it is hoped that this research 
work, in addition to providing a guide for further investiga- 
tion, will be of benefit to metallurgists as well as to users 
of iron and steel; first, as a simplified method ot the 
examination of material, and second, for determining the 
inner tensions resulting from cold work applied for different 
engineering purposes. 


Technique of Investigation. 

Althcugh the technique of investigation is described 
in previous publications, a brief outline of the main 
principle on which the present investigation has been 
carried out will be of value. 

Optical Bench.—F or micro-photography in polarised light 
the use of an optical bench is advisable. The source of light, 
the lenses and microscope fitted with nicols, should be 
arranged on a rigid system to avoid shadow on the surtace ; 
this arrangement keeps the vibration plane of light parallel 
or perpendicular to the plane of polarisation, and reduces 
the possibility of getting an elliptical polarisation. 

In this investigation the source of light used is an arc 
lamp, but for an ordinary metallographic examination in 
industrial works, an electric bulb placed with the filament 
in a horizontal direction can well serve the purpose.’ 

In the investigation of slides, it is preferable to use a low 
magnification as the polarisation effect is more easily 
noticed under low power than under high power. 

Preparation of Specimens.—For correct observation in 
research work under polarised light the preparation of 
specimens is of great importance. The surface should be 
polished very carefully so as to make it free from scratches 
and pits, otherwise bright spots are produced owing to 
reflection of light. Long polishing should be avoided, as it 
produces relief structures which may interfere with 
polarisation phenomenon. In the case of slides, where 
etching is required, the minimum time should be given to 
produce clear etching structures as the effect of polarised 
light is not clear on deeply etched slides. Further, it should 
be stated that the slide surfaces for examination must be 
absolutely free from fat and dust particles, by carefully 
washing with alcohol, otherwise such foreign particles 
produce a strong reflection effect. 


Structural Constituents in Iron and Steel. 

It is a fundamental fact that the most important result 
‘rom the examinations of metals under polarised light, 
on the basis of observed phenomena, is that the isotropic 
substances (regular crystals) may be distinguished from 





7 Zeitschr. f. Metallkunde, 17, 1925, p. 299. 
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I 1 ) art t Pia. 2 Similar steel as Fig. 1 Fig. 3 1 sorbite stecl unde Fia. 4 Shows a martensitic Fig. 5. 1 quenched steel 
/ ’ ule ! shown unde hn ls ) nicols oO, structure with troostite of a possessing @ martensitic struc- 
. It will be noted that the ferrite quenched steel under nicols ture only shown under + nicols 
The nat of the pea et and the orientation of crystals are . , , 
Samate plese , . the sie *- io ane aendll and fine particles of cementite Oo. ow, 
id - a We ng tmpures : dily in this structure are not so well These structures are clear under polarised light, and, with a little 
det defined as pearlite, and can be practice, can be better distinguished from sorbite and pearlite than with 
readily distinguished from it. the ordinary microscope. 
anisotropic substances (all other crystals). This is ex- the light reflected from the surface will pass through the 


plained by the fact that the slides of isotropic substances, 
when placed under polarised light with cross nicols, remain 
quite dark in every position of the disc, while other sub- 
stances show double refraction, and when placed under 
cross nicols, various colours of polarisation will result, 
which darken four times alternately when the slide is ounce 
revolved. 

Apart from this valuable characteristic of polarised light, 
another phenomenon, which is often observed in the use of 
this microscope, is the reflection effect ; this also is proved 
to be of great interest, and can be advantageously utilised 
in differentiating the structural constituents in various 
etched slides of metals. Thus, when a polished metallic 
surface is subjected to the action of a solvent, which is 
capable of dissolving the material, etching figures are 
produced upon the surface. The crystal faces are attacked 
differently according to their orientation. This process of 
solution does not proceed uniformly upon one tace, but 
begins at different points and proceeds more easily in one 
direction than in another, with the result that the face 
becomes covered with regular figures of microscopic size 
etched upon it by the solvent. The figures are usually 
shallow depressions, minute elevations or hillocks. The 
crystal faces which are etched as hillocks are precisely 
the faces in which two different constituents are present ; 
the one which offers least resistance to the solvent is rapidly 
eaten, leaving the other in the form ot series of minute 
elevations. When such crystals are seen under a micro- 
scope with ordinary light thrown vertically upon the 
surface, these elevations and grooves szatter the light in 
different directions, and a few rays reach the eye, which 
show the structure to be darker than the plane surface 
which reflects nearly the whole of the light towards the 
eye-piece. Ii these surfaces are placed under a polarisation 
microscope with parallel nicols, the structure will be quite 
identical to an ordinary microscopic examination, as all 
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analyser. But if the nicols have been crossed, no light 
will be transmitted trom these points, which were bright 
under parallel nicols. The field will be quite dark, and 
except in some crystals, these series of elevations or 
hillocks appear brilliantly coloured. This is due to the fact 
that reflected polarised light is scattered in such a manner 
that the direction of vibration of light is rotated through 
various angles trom different points on these elevations. 
Those rays of light which acquire the direction of vibration 
perpendicular to the direction of vibration of incident light 
pass through the analyser, and as such points are quite 
near to each other, nearly the whole of the structure seems 
to be brightened at a certain position ot the slide. If now 
the stage be rotated, it will be observed that the trans- 
mitted light retains the same tint, but varies in intensity 
and twice during a half rotation is completely extinguished. 


nicols 270. 


i 12°., manganese steel containing 1°,, carbon shown under 
Fia. 9 1 similar steel as shown in Fia. & under 
The phenomenon associated with slip bands is shown to greater advantage in these 
photographs, particularly nicols when the very bright. 
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Fig. 10.—Stressed silver steel Fig. 11.—Similar steel as in Pig. 10 
previously annealed at 850° C, annealed under exactly similar conditions 
to produce pearlite structures. but unstressed. Shown under 


Shown under + nicols x 90. nicols x 90. 
Note the brightness of the pearlite in the stressed part. 


This occurs in two positions. When the direction of 
vibration of reflected light, from nearly all the points, is 
other than required for the passage of light through the 
analyser. These two positions may be called the direction 
of elevations at the position of extinction, and are at right- 
angles to each other. 

This effect observed in structures cannot be ascribed to 
a true polarisation phenomenon, but it can be safely said 
that it is equally important tor the examination of metals. 

The characteristic structures in iron and steel show these 
effects very clearly. Pearlite, which consists of ferrite and 
cementite, and is usually regarded as a constituent because 
its composition is quite definite in any given steel, reveals 
its true complexity more distinctly when examined under 
polarised light than under an ordinary light. Its character- 
istic structure, parallel or nearly parallel arrangement of 
alternate lamellar of ferrite and cementite show a distinct 
variation of intensity of reflection by rotating the slide 
under cross nicols. The properties of pearlite are measured 
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Fig. 12.—Apparatus used to produce elastic deformation in steel specimens. 


from those ot its conditions in crystal grains, and in most 
cases the mechanical properties of a steel can be represented 
with some degree of accuracy as arithmetical means of the 
properties of this aggregate. The reflection effect of 
polarised light varies with the different arrangements of 
ferrite and cementite constituents. 

The brightness of reflection depends upon the depth 
of grooves and thickness of the lamellar. It decreases in 
the following order: Coarse lamellar; granular; fine 
lamellar and beaded ; finely lamellated ; sorbitic. 

In Fig. 1 a steel is represented containing 0-3°% carbon, 
photographed under parallel nicols, and in Fig. 2 under 
cross nicols. The microphotograph in black and ‘white 
shows how clearly the nature of pearlite and the orientation 
of crystals are seen under cross nicols. Moreover, MnS or 
slags, ete., can be readily detected. The colours are more 
beautifully demonstrated by the use of red 1.0. 

Fig. 3 is a microphotograph of a sorbitic steel under 
polarised light. In accordance with the etching character- 
istic of ferrite and fine particles of cementite, this structure 
is not so well defined as pearlite, and consequently can be 
readily distinguished from the latter. 
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Fig. 13. 1 slag inclusion Fig. 14.—The same specimen 
with FeO) in a cast steel speci- as in Fig. 13 under + nicols 
men under nicols 270. <x 270, 


Figs. 4 and 5 show martensite with troostite and only 
martensite in two quenched steels respectively. These 
structures are more clear in polarised light, and with a 
little practice can be distinguished from sorbite and 
pearlite. The results obtained from these experiments 
indicate that correct information with regard to these 
structures in iron and steel is more easily obtained by this 
new method than by an ordinary microscopic examination, 
and it indicates an advance in metallography. 


Slip Bands in Metals. 

Slip bands which represent the block movement, or slip 
along crystalographic planes, can be clearly noticed under 
crossed nizols. In the case ot copper, these bands have 
been referred to in a previous publication.® 

In Fig. 6 a slide of ferrochrome is represented under 
parallel nicols. The slip bands are clearly seen, but if the 
nicols are crossed, as in Fig. 7, the lines are brightened and 
can be more easily detected. The same phenomenon is 
seen to greater advantage in Figs. 8 and 9, which show 
microphotographs of a 12% Mn steel containing about 1% 
of carbon. The slip lines are very bright under cross nicols, 
due to double refraction. A more remarkable thing in this 
specimen is the presence of double carbide on the boundary 
lines of the grains. This carbide of iron and manganese also 
shows a polarisation effect, as when the stage is rotated 
completely for one turn the structure is extinguished four 
times. The presence of double carbide is confirmed by 
Murakami reagent. This result is of considerable import- 
ance in the examination of high manganese steels. 


Internal Stresses. 

One of the most interesting and important achievements 
obtained by the employment of polarised light for the 
examination of metals is the fact that the presence ot inter- 
nal stresses in iron and steel containing pearlite can be 





8 Erving and Rosenhain, “‘ The Crystal Structure of Metals,” Phil Trans. vol. 195, 
p. 279; Stead, J. Iron Steel Institute, 1898, I.P. 145; Rosenhain, “ Introduction to the 
Study of Physical Metallurgy,” Nostrand Co. 


9 M. v. Schwarz, METALLURGIA, London, October, 1931. 
Fig. 15 Vicrophotograph of Fig. 16.—A similar specimen 
an oxidised cast iron taken to Fig. 15 shown under 
under | nicols x 270. nicols x 270. 
There are two layers near the surface in this structure; the outer is FeO, and 


the inner F304. When the nicols are crossed the inner layer remains dark, while 
the outer become Ught red, due to its anisotropic character. 
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bears out the suggestion 
made by Professor M. v. 
Schwarz in 1931, that 
polarised light may be 


The same structure 


Fig. 17. 
as in Figs. 16 wnder 
nicols with a lower magni fi- 


cation x 90 showing sharply 
Ctetingulahed enties. usefully employed for 
determining the inner 
tensions in metals. This 


fact has resulted from a thorough investigation of 
the subject, in which various pieces of iron and steel 
have been sent in different forms, producing both 
elastic and plastic deformation. After etching these pieces 
have been examined under polarised light, and it was found 
that pearlite is brighter in those places where internal 
stresses are produced by deformation than those where 
no stresses are present. 

From many experiments carried out for this purpose 
only two cases are described here. A bar of silver steel 
wag annealed at 850°C. to change sorbite into pearlite. 
A piece of this bar 5cm. long was broken by bending 
through 3mm. In this process maximum stresses were 
produced at the broken end. After polishing and etching 
the pieces were examined under the microscope, and 
Fig. 10 represents a photograph, under polarised light and 
with cross nicols, ot one of the pieces at the point where 
rupture took place. This point contains maximum stresses, 
and it is compared with Fig. 11, photographed under the 
same conditions at a point near the centre of the piece, 
where few or no stresses were set up. A comparison of these 
illustrations shows that pearlite is brighter at places con- 
taining stresses than those containing none. The same 
difference ot brightness is noticed when stresses are set up 
by elastic deformation. The experiment was accomplished 
by a device represented by the accompanying diagram, 
Fig. 12. A piece of elastic steel plate is attached to a 
rectangular piece of iron by screwing at one end from both 
sides. The other end of the plate is free to be pushed by a 
screw to bend it to a required angle. The amount of 
elastic deformation can be regulated by moving the screw 
forward and backward. The difference of brightness is 
more accurately examined by inserting red 1.0. 

The phenomenon discovered, although very useful for 
engineering purposes, has not the least polarisation effect. 
This is probably due to etching influences, because the 
pieces deformed after etching show no such results. The 
tollowing explanations may give information about this 
fact. When a bar of iron is unloaded after being strained 
beyond its yield-point, it does not return immediately, but 
approaches a stable position with increasing slowness. 
This creep is due to the action or internal stresses, produced 
by the deformation, moving the crystals slowly back along 
the slip planes towards their original positions. This un- 
stable condition of the crystals, tending to regain the stable 
position, expose more surface to the etching reagent, and 
are consequently more dissolved than crystals which are not 
disturbed by the internal forces. Under an ordinary 
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Pig. 21.- 


The same specimen 


Pig. 18.—Eutectic structure of Fiz. 19.—The same structure Fig. 20.—An iron dynamo 
FeO-Fe,0q under nicols as in Fig. 18 under + nicols plate containing 2-3% silicon, as in Fig. 20. Shown under 
270. x 270. oxidised at the surface. Shown + nicols 270, 
The white points in the microphotograph under + nicols show the under || nicols 270. 
preserce of FeO in the eutectic structure. 
easily detected. This microscope this etching difference is not revealed, but under 


cross nicols it is at once differentiated. The same is true for 
elastic deformations. 


Oxides of Iron. 


The presence of oxides of iron in iron and steel is of con- 
siderable practical importance, and has been the subject 
of numerous investigations, in particular by Oberhoffer 
and his co-workers.'!° In the present work the different 
iron oxides have been carefully investigated under polarised 
light, and it was discovered that they behaved differently 
under cross nicols. The most probable oxide in iron and 
steel are Fe,O, (ferric oxide), Fe,0, (ferrous-ferric oxide), 
and FeO (ferrous oxide). Out of these three oxides Fe,O,, 
which is identical to the mineral magnetite,!? is found to be 
quite inert under polarised light. 

The oxide FeO, which does not occur free in nature, and 
is identified in slags by its large grey-coloured inclusions,!* 
becomes dark red under polarised light, showing its natural 
colour through double refraction. In surface oxidation of 
iron this oxide is not usually produced, because the oxygen 
present is generally high, and higher oxides or eutectics of 
FeO and Fe,0, are produced (as stated by iron-oxygen 
diagram by Benedicks). 

Fig. 13 shows, under parallel nicols, a slag inclusion 
containing FeO in an unetched cast-steel specimen. The 
same portion is represented in Fig. 14 under cross nicols. 
The light-grey colour is changed to dark red, seen white 
in the reproduction. The presence of FeO in this research 
work was confirmed by microchemical methods." 

The oxide Fe,O 3, called ferric oxide, corresponds to 
hematite, found in a pure state in nature. Its crystals 
belong to the hexagonal system, and give a strong double 
refraction effect well known in mineralogy.'? FeO, is 
found in iron which is oxidised in the presence of an 
abundant supply ot oxygen at a relatively low temperature 
—¢e.g., a steel which is annealed at a temperature less than 
950° C., with a sufficient supply of oxygen, will show a 
visible red colour, due to the presence of finely dispersed 
Fe,0,, which does not appear after scratching the outer 
layer.1* When such oxidised specimens are seen under 
polarised light, Fe,0, exhibits a beautiful polarisation 
phenomenon by showing its natural colour under cross 
nicols. Fig. 15 is a microphotograph of an oxidised cast 
iron under parallel nicols. The outer portion is oxidised 
at about 550° C. in an abundant supply of oxygen. There 
are two layers near the surface in this structure; the 
outer one is Fe,O, and the inner Fe,0,. When the nicols 
are crossed the inner layer remains quite dark, while the 








10, 15 Oberhoffer and D. Huart, Stahl u. Eisen, 1919-165; Oberhoffer and Schneck, 
Stahl u. Eisen, 1927, 47, 1526. 

11, 13, 14 Benedicks, ** Non-metallic Inclusions in Iron and Steel,” 47-70. 

12 Kalb, Central Blatt f. Min., 1924, 712-716. 

16 Micro-Chemie, 1932, vol. xii. 

17 Kalb, G. Magnetit,and Eisenglanz, Central Blatt f. Min., 1924, 712-716; Schneider- 
hohen, Lehrbuch der Erzmikroskopie, vol. ii.; Lindley, H. W., Mikroskopie der Eisen- 
Mineralien; N. Jahrb, f. Min. Beil, vol. 53, 1926, pp. 320-360. 

18 Benedicks, ‘‘ Non-metallic Inclusions in Iron and Steel,” 1931, p. 65. 
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outer skin becomes light red, due to its anisotropic character. 
This is seen in Fig, 16, in-which the red colour is white. 
The same structure is represented in Fig. 17 with a low 
magnification, showing sharply distinguished oxides, In 
this case also the results were confirmed by chemical 
methods. 

In the process of oxidation of iron the pressure of oxygen 
is not usually high enough to produce Fe,0, or even 
Fe,0, alone, but a eutectic of FeO and Fe,O, is formed. 
It corresponds to 24% oxygen, according to the diagram 
FeO. 

When such eutectic is examined under polarised light 
with cross nicols an excellent effect is shown, Most points 
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in this eutectic are brightened, and are four times ex- 
tinguished by the rotation of the disc through 360°. Ip a 
sharp light the colour of these specks is red. Figs. 18 and 
19 represent two photomicrographs of the scale of a burnt 
cast iron in parallel and cross nicols respectively. The 
white points show the presence ot FeO in the eutectic 
structure. An identical structure, seen in Fig. 20 and 21, 
is a dynamo plate containing 2-3°%, silicon, oxidised at the 
surface. , 

From these experiments it is concluded that the presence 
of oxides in iron can be easily detected by the use of 
polarised light, and can be distinguished from each other. 


(To be continued.) 





Hydro-Electric Power Stations in 
Soviet Far East 


This development at Angarastroy, where the potentialities are rich 
and varied, will prepare the way for substantial metallurgical 
development in the near future. 


HE vested interests in pre-war Russia blocked 

| development of the country’s hydro-electric energy. 

It is true that the Volkhovstroy project was already 

spoken of in 1913, but it was not carried out when planned 

owing to the opposition of the St. Petersburg electric 
companies. 

Since the revolution, however, water power has acquired 
great importance in the general development of the national 
economy. Among the basic hydro-electric stations in the 
Union is Angarastroy, now under construction in the Soviet 
Far East. In the words of one of the promoters of the pro- 
ject, Academician I. G. Alexandrov :—** This remarkable 
wealth of hydro-electric energy stored up in the Angara 
River, is derived from the circumstance that there exists 
a powerful water reserve in Lake Baikal. The rather steep 
inclines of the river bed, as well as the general favourable 
geological conditions of that section, will make it possible 
to obtain electric energy from the Angara at the cheap 
rate of 36 kopeks per kilowatt hour.” 
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At Angarastroy the construction is planned for six hydro- 
electric stations on the Angara River. The upper station 
at Lake Baikal, eight kilometres above Irkutsk, will be 
the control station for the entire system, and will have a 
generating capacity of 3.6 billion kwh. per annum. The 
next station of the system, which will be known as the 
Barkhatov Station, will be situated 150 kilos. below Lake 
Baikal, and will have an annual generating capacity of 
5.25 billion billion kwh, 


The Bratskaya Station, the most powerful of the system, 
with an annual generating capacity of 17.5 billion kwh., 
will be located 500 kilos. below the Barkhatov Station. 
Three smaller stations with capacities of 2,000,000 kwh., 
1.7 million kwh., and 1.4 million kwh. respectively, will 
complete the Angarastroy system. 

Academician Alexandrov has declared that it is not only 
the Angara that has such potentialities. Even the 
tributaries of the Angara, Selenga, Irkul, and Tasseva-Uda, 
are potentially powerful in electrical energy, and together 
they could generate 73 billion kwh. per annum. Even 
at a yearly production of 10-75 billion kwh., the cost of 
energy will be as low as 4 kopeks per kilowatt-hour. The 
region is very rich in coal deposits. The coal beds of the 
Tunguska River basin alone are estimated to contain some 
75 billion tons of coal. There is also the Chermkhov coal 
bed estimated at 59 billion tons. In addition, there is the 
Kansk coal bed, located in the western portion of East 
Siberia, which is estimated to contain 40 billion tons of 
coa]. Altogether, the coal deposits in Eastern Siberia 
may be estimated at 170 billion tons. The Angara River 
basin also has a great wealth of timber. The prevailing 
forests in that region are pine, cedar, and fir. 

East Siberia is fast developing its mining industry. Until 
very recently, gold and mica were believed to constitute the 
only mineral resources of the region, but further investiga- 
tions have proved it to be also rich in iron deposits. 

The iron ore in East Siberia is concentrated in four 
regions, of which the richest is Angara-Ilinsk, where the 
ore deposits are estimated to be nearly half a billion tons, 
with 60 per cent. iron. The ores of the remaining three 
sections, estimated to contain in the aggregate some 600 
million tons, contain on the average 35°, of iron. In 
addition, deposits of manganese and nickel have been 
discovered in the Baikal 1egion. 

Generally speaking, the potentialities of this region are 
so rich and varied that there is every prospect of substantial 
metallurgical development in the near future. There is 
even the possibility of organising aluminium production, 
since East Siberia is known to possess raw material in 
abundance for its production. 

The exploitation of such tremendous sources of energy 
requires big capital investments, and, what is even more 
important, according to Academician Alexandrov, a proper 
location of plants in East Siberia. What may be expected 
at this time is a gradual development of the region, con- 
centrating first on one type of industry and then on 
another, 
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Reducing Nitrided Die-Steel Costs 


By GLYN POWIS 


Some suggestions are given with a view to the reduction of costs in 
the use of nitrided die-steels. 


HILE undoubtedly nitrided die-steels are here to 
W stay, gasification charges are apt to appear rather 

expensive, and urgent necessity for stringent 
economy demands the curtailment of all expenditure. This 
is unfortunate in view of the fact that results are regularly 
proving that for certain purposes in the forging industry 
such die-steels are capable of giving longer service than 
other types, and result, therefore, in a lower cost per unit 
of production. 


It is further unfortunate that many potential users of 


such nitrided steels still regard the process in a dubious 
light, partly on account of the cost already referred to, and 
partly owing to apparent complications in the processing 
of blocks ready for service. A few suggestions in regard to 
cost reduction may be helpful. 

While the following remarks are mainly intended for 
those forge-plants which are compelled to send out their 
blocks for gasification, having no installation or licence 
of their own for carrying out the operation, it is possible 


that those users who nitride their own may find some of 


the hints of service. 

In regard to cost, the charge for gasification may often 
exceed the original cost of the die-block as received from 
the steel supplier. Such charge, however, is a variable 
factor, depending upon the weight of the block when the 
impression is sunk, and is applied usually on a sliding-scale 
basis. 

While in many cases the total costs do not exceed the 
cost of some types of nickel-chrome-molybdenum die-steels, 
it can assume substantial proportions in the case of the 
heavier blocks. In such instances, dimensions should be 
carefully studied with a view to reduction. 


Size Reduction. 

The first course open is an examination of all die-block 
dimensions with the object in view of reducing same to a 
minimum figure. For drop-stamps with light and medium 
weight blows a nitrided steel block of small dimensions may 
be dovetailed into a base of greater weight. The latter 
may consist of ordinary carbon steel, preferably 0-60 
per cent. carbon. For lighter classes of work still, the 
question of inserts may be considered. Such inserts have 
been found to give excellent service. 

Another aspect which calls for size consideration is the 
question of resinks. These are apt to be troublesome 
with nitrided steels, owing to softening difficulties, and in 
some instances it is found to be a better proposition to use 
a modified size of block and obtain one life from same, 
rather than use a larger size with the object of an ultimate 
resink. Incidentally, unless care is taken to remove all 
possible traces of the outside surface which may become 
decarbonised during softening, small hope for a successful 
second life can be entertained. 


Increasing Output. 

The general procedure for machining and hardening 
nitralloy steel die blocks prior to nitriding is sufficiently 
well known to most readers not to need reference here, 
except perhaps in one particular instance. This refers to 
the advisability of machining working surfaces to within 
approximately in. of final dimensions prior to the 
preliminary heat-treatment. The advantages so gained 
are numerous. Blocks are more easily machined in the 
annealed condition. They may be handled for heat- 
treatment with greater dexterity, but, most important of 


all, improved physical conditions are obtained in the die 
by treating the reduced bulk. The outcome of such 
improved conditions is a greater life from the die after 
gasification. The reasons for this follow below. 

From the beginning it has been recommended that steels 
for nitriding should be in an oil-hardened and tempered 
condition prior to nitriding. The original reason advanced 
for this was that a steel with a sorbitic structure gives best 
results. Those in the pearlitic state are conducive to the 
formation of nitride needles during gasification, and such 
needles promote brittleness in the hard case. But quite 
apart from this aspect, the writer has found that by leaving 
the core as hard as the temperature of the nitriding process 
will afterwards allow it to remain—i.e., approximately 
500° C.—-the life of most dies is greatly increased. It would 
appear that a strong resilient core, such as a sorbitic struc- 
ture offers, is necessary to support the hard case. 

Substantiation of the above was first noted in connection 
with small inserts weighing approximately 10 lb. While 
the operation consisted simply of a light pressure forging, 
it was apt to be severe on the dies by reason of the output 
being fairly high, 370 forgings per hour being the average 
production rate. This output would create a temperature 
of 400-450° C. in the insert within a short time of com- 
mencing work. At the commencement of using nitralloy 
steel a medium grade was employed in view of the small 
size of the insert. The life from such inserts was, as 
expected, greater than from any other type of alloy steel 
previously employed. 

When some of the inserts were examined at the end of 
their working life, it was noticed that the impressions 
contained small hollows at the points where dies of the 
type in question usually showed first signs of wear. In 
these hollows the nitrided case was still in evidence, in 
spite of the fact that their depth was greater than the 
depth to which the nitrogen had penetrated. This meant, 
of course, that the nitrided face had “ caved in”’ instead of 
wearing away, simply because the core lacked sufficient 
strength to support the hard case to the full extent of its 
requirements. 

In subsequent trials the highest grade of nitralloy steel 
available was used with the intention of strengthening 
the core. The results from this grade were very gratifying, 
showing an average increased life per die of 64%. 

Further experiments consisted of increasing the depth 
of the insert in an endeavour to obtain a second life 
after softening and resinking. Unfortunately, it was found 
that the increased dimensions reduced the strength of the 
core, by reason of sheer mass effect in the preliminary 
hardening, to an extent that the resulting first life pro- 
ductions were inferior even to those obtained earlier on 
medium grade nitralloy steels. In the second life after 
resinking, however, from the originally greater-dimension 
dies, the output approached the standards previously 
obtained on a single life insert of the highest grade alloy. 
Despite the two lives so obtained, the extra costs involved 
in softening, resinking, hardening and nitriding, rendered 
such resunk inserts unprofitable, the unit cost of work 
produced being higher than with the single-life insert. 

Such considerations as the foregoing are easily carried 
out. They increase the working life of nitrided dies, which 
automatically reduces the unit cost of production, and 
reduction of costs should be the watchword to-day of 
every forge-plant hand. 
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BRITISH SHIPPING and SHIPBUILDING 


OR several years British shipowners have been fighting 
a losing battle against flag discrimination to which 
many foreign Governments have resorted. They have 
striven for the re-establishment of the freedom of the seas. 
Their case has been repeatedly delivered at conferences, 
including the World Economic Conference, but, apart from 
two or three nations whose representatives were in full 
agreement with the principle, they have proved futile. 
Every effort made to reach international agreement has 
failed. It became obvious therefore that placid 
acquiescence in the present system for an indefinite period 
would be fatal because there is no other country to which 
shipping is more vital than Great Britain. In view of the 
unfair discrimination prevailing, the Chamber of Shipping 
uttered a warning twelve months ago that if uneconomic 
shipping practices, including subsidies exceeding 
£30,000,000 a year, were persisted in, this country might 
be forced to abandon its traditional policy and take 
defensive action. Apparently the only effect was that some 
foreign countries went to further extremes. 

It is difficult to resist the conclusion that British shipping 
may gradually be driven out of even purely British trade 
simply because its slender resources can never compete 
against the unbounded wealth of foreign taxpayers, said 
the chairman of the Chamber of Shipping at a recent 
meeting. The formidable attacks being made upon it are 
gradually exhausting its ability to live. There is therefore 
simple justification for the new move that has been made, 
reluctant as the shipping industry has been to change « 
policy that is fundamentally sound. 

British shipowners have striven hard for an international 
policy that would be fair and equitable to all the nations 
and have been remarkably persevering in their efforts. 
Meanwhile, foreign subsidised competition has become a 
serious menace against which the British companies could 
not hope to fight with their own resources alone. Thus 
Mr. Runciman’s declaration that the Government was 
prepared if necessary to grant a subsidy to British tramp 
steamers will bring profound relief. Mr. Runciman further 
declared that if such a step had to be taken it would be 
taken unflinchingly. 

The adoption of a subsidy principle by the British 
Government will not only help British shipping, but it will 
have an appreciable effect on shipbuilding and enable both 
these industries to participate in the national recovery 
which is continuing to be in evidence. It is true that very 
slight improvement has taken place recently, particularly 
with regard to shipbuilding, but more than half the people 
connected with these industries are unemployed, and some 
of our main ports have suffered from the depression longer 
than other industrial centres. In these areas the majority 
of people are convinced that shipping will not recover in 
keeping with other industries until the very grave obstacles 
to its well-being are removed. And it should be remembered 
that the tramp vessels are the chief victims, for since 1914 
the number of British tramps has decreased by 50%, 
whereas that of foreign tramps has increased by 33%. 
Of the remaining British tramp vessels, 23°, are idle. 
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The announcement of the Government's policy is a 
recognition of the perilous position of British shipping, and 
an expression of a desire to re-establish it. The granting 
of a subsidy, it will be appreciated, is not a remedy in 
itself, but is simply a measure of protection against a form 
of unscrupulous competition, which will provide a bargain- 
ing weapon with which to reduce the discriminatory 
measures now adopted by many countries against British 
shipping. It is suggested as a temporary measure aimed 
to remedy a wrong and to save a vital national industry 
from ruin, but once determined and decided upon will 
remain as long as proper adjustment is necessary to 
equalise the conditions of service. It may be that this 
decision may be the means of hastening an international 
solution to the world’s shipping problem. 

No announcement has been made, at the time of writing, 
regarding the steps the Government ;roposes to take to 
give practical effect to the declaration. It is hoped, how- 
ever, that the Government will pursue, in relation to 
shipping, the same policy which has been adopted to trade. 
The shipping industry urge that agreements should be 
reached with all nations which will pledge themselves to 
the principles of the economic freedom of the seas— 
equality of opportunity for all vessels of all flags in all 
international trades. It is in the interest of traders that 
the most efficient and most economical ships should be 
employed ; operated on an equality basis at least half the 
tramp vessels at present laid up would be brought into 
commission, and the steps taken to give practical effect 
to the policy might well bring about this desirable result. 

Another announcement in the House of Commons which 
gave general satisfaction was that by Mr. Chamberlain 
concerning arrangements being made to enable work to be 
resumed on the new Cunarder. When the Cunard Company 
decided to build this vessel some three years ago the 
Government supported the decision to the extent of taking 
a large part of the insurance risk. About two years ago, 
however, financial difficulties caused the company to 
suspend the work of construction. Although considerable 
pressure was brought upon the Government to facilitate 
resumption of work on the vessel by granting financial 
support, several difficulties were apparent; it was felt 
that some arrangement must be made between the premier 
British companies before any forward step in this direction 
could be made. With this object difficult and complicated 
negotiations have been in progress for a long time between 
the Cunard and White Star Lines, with a view to the ending 
of the competition between the two companies. The 
announcement by Mr. Chamberlain is an assurance that 
the Government is justified in assuming that an effective 
merger of the North Atlantic fleets of the Cunard and 
White Star Companies may become an accomplished fact 
at an early date. This will clear the position of the Govern- 
ment and proposals will be laid before the House of Com- 
mons, without undue delay, to provide the financial 
facilities necessary for the completion of the Cunarder. 

It is apparent that an early start will be made on the 
Cunarder, and this, together with Mr. Runciman’s declara- 
tion may be taken as a clear indication that the Government 
view with alarm the increasing pressure of policies adopted 
by competing countries against our shipping. The portend 
is reassuring, and we may expect a progressive movement 
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in shipbuilding as a direct result, because many ship- 
owners were naturally disinclined to take the serious risks 
of ordering new tonnage under the conditions operating 
against British vessels. Some indication of the effect of the 
Government’s policy may be gathered from orders for 
vessels recently placed, and in which the workers on the 
Clyde have every reason to be satisfied. But the change 
in the outlook, with regard to shipbuilding, is not limited 
to the Clyde—other shipbuilding centres show a degree of 
optimism that has not been experienced for many years. 
Improvement in shipping and shipbuilding will have a 
direct influence’ on other industries, and since the trade 
returns show further improvement in many industries 
we can view the prospects for the coming year with a 
measure of optimism not equalled during the past few 
years. 








EMPIRE ZINC PRODUCTION. 


N regard to non-ferrous metals, the nation was in a 
perilous position at the beginning of the Great War, and 
very costly efforts were made at that time and later 

to repair the omissions and weaknesses of the past. For- 
tunately, the position, particularly with regard to the zinc 
industry, is now relieved, and is in a relatively healthy 
state. This is largely due to the efforts of the Imperial 
Smelting Corporation, Ltd., which has a large investment 
of capital in the zine industry in the United Kingdom, 
according to the fourth annual report recently presented by 
the Right Hon. Sir Robert Horne, chairman of the company. 
Some indication of the progress made in the production of 
zine since 1914 is noteworthy. Then the total amount of 
zinc produced in the British Empire was about 69,000 
tons, 65,000 tons of which were produced in this country 
(only about half of which was primary metal) and 4,000 
tons in Australia. 

To-day the Empire has a capacity of 310,000 tons. 
Australia has a capacity of 66,000 tons, Canada of 140,000 
tons, Rhodesia of 24,000 tons, and the United Kingdom, 
including works now building, 80,000 tons. The capacity 
to produce within the Empire is now substantially in excess 
of the Empire’s consumption, and not only is metal 
exported but Empire concentrates still assist in supplying 
smelters elsewhere. The present consumption of zinc in 
the United Kingdom is between 125,000 and 130,000 tons. 
In what were considered normal years in the past it was 
substantially higher. In his report, Sir Robert stated he 
could see no reason why, subject to the fullest consideration 
and protection of consumers’ interests, there should not be 
an attempt made in the direction of regulating the trade 
and establishing more orderly marketing methods. Our 
friends overseas have 400°, of their domestic markets, and 
he felt sure“that the suggestion that the British zine pro- 
ducer should be permitted to produce at least half the 
consumption of the United Kingdom would not be regarded 
by them as in any way unfair. Not only does Britain pro- 
vide an important market for Empire metal, but she takes 
from Empire sources all the raw material for her own 
smelting industry, our own supplies coming chiefly from 
Australia, Canada, and Newfoundland. 

It is noteworthy that the Corporation has purchased 
the patents of a process for the distillation of zine in 
vertical retorts which are in operation at the works of the 
New Jersey Zinc Company in the United States. These 
patents are divided into two sections—the .first covering 
the vertical retort itself and the second the refluxer or 
refining furnace. The value of these patents will ‘be 
appreciated by means of a comparison betweer horizontal 
and vertical retort practice. A 16 vertical retort unit now 
being erected by the Corporation at Avonmouth will have 
a rated capacity equal to that of nearly 2,000 horizontal 
retorts now operating, and which are almost the largest 
used anywhere in horizontal retort practice. Sir Robert 
stated that the capital cost of the plant is high, but the costs 
of working are lower and the grade of metal much above 
that produced by the horizontal retort. The refining 
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process can be adapted for improving metal produced from 
the horizontal retort and also raising it to a purity of 99-99%, 
zine and over. 

Two important developments of the Corporation are 
recorded in the report. The first is the acquisition of 
patents and process rights for the production within the 
United Kingdom of zine sulphide by a new method. This 
new process is a very considerable improvement on any 
other at present in existence, and the exclusive right to 
this device is expected to materially increase trade. Within 
a few weeks the Corporation will be in a position to supply all 
and any of the requirements of British consumers for any 
grade or quality of lithopone or zinc sulphide. The second 
development is that the Corporation is proceeding to use, 
through the Western Lithopone and Barytes Company, 
a site at Avonmouth where the production of lithopone 
and zinc sulphide will be gradually commenced. 





Forthcoming Meetings 


NORTH-EAST COAST INSTITUTION OF ENGINEERS 
AND SHIPBUILDERS. 
Dec. 21. ‘‘ Superheated Steam in Marine Service,” by William 
Hoy. 
Jan. 12. “‘ Shipbuilding in Relation to Subsequent Repairs,” 
by Edmund Wilson and Edmund P. Wilson. 
THE INSTITUTE OF METALS. 
BIRMINGHAM SECTION. 
Jan. 4. ‘“ Nickel and Nickel Alloys,” by W. R. Barclay, 
O.B.E. 
LONDON SECTION. 
1. ‘ Beryllium and its Alloys,” by H. A. Sloman, 
M.A., B.Se. 
NortH-East Coast SECTION. 
Jan. 9. ‘‘ Welding,” by representative of Messrs. Metro- 
politan-Vickers Electrical Co., Ltd. 
ScottTisH SECTION. 
Jan. 15. “‘ Factors in the Solidification of Molten Metals,” by 
Sydney W. Smith, C.B.E., D.Sc., A.R.S.M. 
SHEFFIELD SECTION. 
Jan. 12. “‘ Protection from Corrosion of Aluminium and its 
Alloys,” by N. D. Pullen. 
INSTITUTE OF BRITISH FOUNDRYMEN. 
BrrRMINGHAM BRANCH. 
Jan. 27. Annual Dinner. 
LANCASHIRE BRANCH. 
Jan. 6. ‘The Patternmaker’s Foundry Screw,” by F. C. 
Edwards. 
Jan. 9. “‘ Blast Furnace Practice and Notes on the Making 
of Iron” (at Burnley). 
Jan. 10. “‘ Mechanisation in the Foundry,” by G. E. France 
(at Preston). 
LonpDON BRANCH. 
Jan. 3. “Commercial Moulding Sand Control for the Modern 
Iron Founder,” by F. Hudson. 
Jan. 10. Joint meeting with the Electrodepositors’ Technical 
Society. 
MIDDLESBROUGH BRANCH. 
Jan. 12. “A General Review of the Foundry Trade To-day,” 
by Major R. Miles. 
Jan. 26. “ Evening Visit to a Local Works.” 
NEWCASTLE-ON-TYNE BRANCH. 
Jan. 20. Paper on Patternmaking. 
Scottish BRANCH. - 
Jan. 13. “‘ Moulding and Casting Hydraulic Valves,” by R. D. 
Lawrie. : 
Jan. 20. ‘Recent Developments in Foundry Melting 
Practice,” by H. Cowan, B.Se. (At Falkirk.) 
Jan. 27. “‘ Problems in Woodworking Machinery Castings," by 
R. Ballantine. (Edinburgh Section.) 
SHEFFIELD BRANCH. ae 
Jan. 19. “‘ Patternmaking from the Foundry Point of View, 
by E. Longden. 
WALES AND MonmovutH BRANCH. 
Jan. 6. “Bronze Castings,’ by E. J. L. Howard. (At 
Newport. ) 
Jan. 27. Lecture. G. E. France. (At Bristol.) 
West Ripinc or YORKSHIRE BRANCH. 
Jan. 13. Annual Dinner. 
MANCHESTER METALLURGICAL SOCIETY. 
Jan. 17. ‘‘ Bearing Metals,” by A. J. Murphy, M.Sc. 
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Aluminium Melting Losses 
By William Ashcroft 


Factors that influence melting losses are discussed, and the selection of melting 
furnaces is considered with a view to the reduction of metal losses in practice. 


HEN melting base ferrous and non-ferrous metals 
W and alloys for foundry and rolling-mill work, 
there is always a loss, largely due to oxidation. 
Melting losses can be a very serious source of financial] loss, 
particularly the non-ferrous metals and alloys. Of these 
aluminium and its alloys are especially serious, because of 
the relatively high price of aluminium. The melting losses 
in many foundries dealing with aluminium are at times 
high, and in some instances are too high in comparison 
with average practice. It is well known that the oxidation 
losses of aluminium and its alloys are relatively high, but 
it is questionable whether the factors governing the most 
suitable melting methods are as well known. 

For economic reasons the commercial melting of any 
metal or alloy should be rapid, and the melting cost and 
losses should be low. It will not be possible to obtain 
these requirements in any furnace selected at random, 
therefore the design and operation of furnaces for melting 
different metals warrant careful study and experiment. 
As a general rule, in the industrial operation of furnaces, 
run on aluminium and aluminium alloys, an effort is made 
to keep the dross and oxidation losses as low as possible. 
In attempting to hold dross losses low, numerous factors 
involved in metal melting may be overlooked, or at least 
disregarded, and the net practical result may be that the 
furnace is exceedingly wasteful of fuel. In the case of 
aluminium and its light alloys, the effect of increasing the 
temperature of melting, at least in an atmosphere contain- 
ing free oxygen and nitrogen, is to increase the net melting 
loss. 

While there are many factors attached to the operation 
of any metal-melting furnace, the most important with 
regard to their influence on dross losses in the melting of 
aluminium and its alloys include the type of furnace 
employed ; the melting temperature ; the length of time 
required for melting and superheating to the pouring 
temperature ; the length of time during which the metal is 
allowed to remain in the furnace after reaching the pouring 
temperature ; the constitution of the furnace atmosphere 
in contact with the metal, which is governed of course by 
the type of furnace, method of firing, and the fuel used ; 
and the volume of air and products of combustion passing 
over the metal per unit of time. These and other factors 
governing furnace operation and dross losses as applied 
to the melting of aluminium and its alloys deserve attention. 

Many factors also vitally influence the fuel consumption 
in melting ; it will suffice, however, to point out only a 
few of the more important ones. These include the furnace 
design with relation to the combustion space, air supply, 
fuel used, relation of fuel supply to air supply, design 
of burner, and method for removing waste gases. The 
design of furnaces especially intended for melting aluminium 
and its alloys requires careful study, since the factors 
governing the melting of this metal are in some definite 
respects peculiar to it, both the fuel and metal losses in 
industrial practice are high. 

The selection of the correct type of furnace for a given 
set of operating conditions is made especially difficult by 
the variety of different types of furnaces available, and 
more particularly by the lack of comparable data regarding 
each one. Also, the selection cf a furnace is governed by 
the requirements of the plant, and it is not possible to state 
that there is any one best furnace. In general, the melting 
of aluminium alloys in foundry practice has followed 
along the general lines of brass melting, probably because 


these alloys have been cast largely in brass shops. Alu- 
minium alloys are, or have been, melted in all types of 
furnaces that have been used for brass and bronze. The 
iron-pot furnace, so widely used for the melting of so-called 
white metals, is the only furnace employed for aluminium 
alloys that is not used for brass and bronze. 

The type of furnace used depends upon whether 
aluminium or one of its alloys is being melted, as well as 
whether, if aluminium, the metal is melted simply for re- 
pigging or for casting into rolling ingots, and, if alloys, 
whether they are to be poured into sand castings or used 
for the production of die or permanent mould castings or 
are poured into rolling ingots. The smelting of aluminium- 
alloy borings and related aluminium-bearing scraps presents 
a distinct problem, and various types of furnaces are used 
commercially for this purpose. 

When speaking of furnaces for melting aluminium, this 
will be generally understood to refer to melting prior to 
casting into ingots for rolling or other working, although 
all direct metal from the reduction cell is remelted and cast 
into rolling ingots or poured into pigs. For melting the 
reduction-cell metal various types of furnaces have been 
used, but open-flame reverberatory-type furnaces, fired 
by gas, oil, or coal, appear to have been principally 
employed. For melting substantially pure aluminium, 
prior to casting ingots for rolling or other working, the 
reverberatory-type furnaces are largely employed, and 
particularly during recent years gas and oil have been used 
for the fuel in these furnaces. Still more recently, rotating- 
and-tilting open-flame furnaces, fired by gas and oil, have 
found favour in some small rolling mills. The employment 
of the reverberatory type furnace in rolling-mill work has 
been necessary because large capacity is desired and because 
continuous melting is desirable. Also, a rectangular-hearth 
type of granular-resistor furnace has been used for alu- 
minium melting. 

It is in light-alloy foundry practice that the greatest 
variety of furnaces are found. The following types of 
furnaces are at present in daily use in the aluminium 
foundries ; gas and oil-fired reverberatory furnaces; gas 
and oil-fired stationary and tilting iron-pot furnaces ; coal 
and coke-fired, natural and forced draft, pit furnaces ; 
gas and oil-fired, stationary and tilting crucible furnaces ; 
gas and oil-fired stationary, rotating, and tilting open-flame 
furnaces ; and electric furnaces of different types. The 
stationary and tilting iron-pot furnaces are favoured by 
many, particularly by large foundries, but open-flame 
furnaces of different designs are being used more widely 
than a few years ago. In small foundries, and in foundries 
where aluminium alloys form only a minor part of the 
output, pit or crucible furnaces are used largely. Electric 
furnaces for melting both aluminium and its light alloys 
have received considerable attention, and a number of 
installations have been made. The tendency in recent years 
toward the use of furnaces of large capacity—namely, 
reverberatory furnaces, open-flame barrel-shaped furnaces, 
and electric furnaces—has come through the enlargement 
of plant capacity. Where a foundry is turning out a large 
tonnage of finished castings per annum, melting in units of 
small capacity requires a large installation—that is, many 
furnaces. 

In modern aluminium-alloy die-casting practice, the 
alloys are melted in small cast-iron pots which may be 
considered as part of the die-casting machine proper. The 
fuel is usually gas. In both die-casting and permanent 


(Continued on page 52.) 
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Some Investigations and Observations Principally 


on the Strength Properties of Cast Iron’ 
By J. E. Hurst. 


A number of factors which contribute to structural differences in cast 
iron in relation to the modulus of elasticity are discussed, and the 
results of experimental work are given. 


condition on the modulus of elasticity, 

attention has been directed mainly to the 
point of view of the difference between cast iron 
in the white and grey condition. Whilst it is to 
be expected that the more an iron tends towards 
the white condition the higher the EN value, 
it is not known whether this relationship is a 
progressive one. The variation in the structural 
condition of cast iron is extremely sensitive to 
numerceus circumstances, including the casting 
temperature, superheating in molten condition, 
rate of cooling, origin and character of the iron and 
furnace melting conditions. In practice, variations 
in structure of quite a distinctive character are 
obtained frequently in cast irons of the same 
composition, and these variations can be of 
sufficient magnitude as to affect the EN value. 
The example described in what follows illustrates 
the sort of thing experienced. The chemical analy- 
ses and mechanical properties of a number of 
ring-form test-pieces taken from different drum samples 
are set out in Table VIII. In each case the drum 
castings were identical in size and exactly similar 
dimensioned rings were machined for test purposes. The 
drums were cast by the centrifugal process, and it will 
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Fig. 2.—Low EN {value specimen 

unetched x 50 diams. unetched x 50 diams. 
be seen that in each case the chemical analyses are apprexi- 
mately identical. Two of the six test results show a 
marked difference in physical properties. The tensile 
strengths are lower, and the EN values distinctly lower than 
in the remaining four specimens. The photomicrographs, 
Figs. 2 to 5, disclose at once that this difference in pro- 
perties is associated with a difference in the character of the 
structure. Figs. 2 and 3 show the unetched and etched 
structures of the low EN value material at magnifications 
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Fig. 3.—Low EN 
Fig. 2 


Fig. 4.—High EN value specimen 


5.—High EN value specimen as 
Etched x 200 diams. 


Fig. 
Fig. 4. 


value specimen as 


Etched « 200 diams. 


of 50 and 200 diameters respectively. The structures of the 
high EN value material are shown similarly in the illustra- 
tions, Figs. 4 and 5. The areas covered by the photographs 
at 50 diameters represent approximately three-quarters of 
the total radial thickness of the specimens. The material 
giving the higher EN value is normal, and charac- 
teristic of material cast in this manner. In this 
the graphite structure is practically uniform in size 
and distribution across the complete thickness. The 
upper edges of the photographs as_ illustrated 
correspond to the outside surfaces, and the lowest 
edges the inside surfaces of the specimens. The 
greater part of the graphite exists in finely divided 
clusters with some slight evidence of a dentritic 
distribution. | The etched structure confirms gener- 
ally the uniform character o* the structure as revealed 
in the unetched sample. The clusters of fine graphtte 
are associated with a small amount of free ferrite in 
a matrix of finely laminated pearlite and phosphide 
eutectic. 

The specimens from the material having the low 
EN value show a very marked difference in their 
structural characteristics. The unetched structure, 
Fig. 2, discloses a variation in character of the 
graphite structure across the radial thickness of the 
specimen. Adjacent to the outside edge the graphite 
exists in the finely divided cluster form characteristic 
of the high EN value specimens. Progressing 
towards the inside surface the graphite changes 
in character to a coarser flaky form. The etched 
structure further exemplifies the change from fine to 


TABLE VII. 


Ultimate 

Strength, 

Tons per 
Sq. In. 


| EN Value, | 
Lb. per Sq. 
| In. x 106, 


Comb. P . 
No.| Carbon | Tots s } 8, P, 
ry Of | ° ¢ 
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0-91 | 2-92 16-2 
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coarse graphite, and a matrix structure of finely laminated 
pearlite containing phosphide and some ferrite. 

The coarse graphite observed in the low EN value 
specimen reminds one very much of the type of graphite 
which exists commonly in sand-cast material. The fine 
cluster formation of the high EN value specimen is typical 
of the graphite structure commonly found in centrifugally 
cast iron from metal moulds. General experience shows 
that the average EN value of centrifugal cast material 
is higher than that of sand-cast material. Actually, there 
is little difficulty in maintaining an average value of 17-5 x 
10° lb. per sq. in. in centrifugal castings ; but to obtain 
this value with ordinary stationary sand castings is some- 
what more difficult, although of course it is possible. In 
spite of this, these examples show clearly that the structural 
condition, particularly the graphite structure, exerts an 
influence on the EN value, and that in material of the 
same composition and produced under similar conditions 
from similar materials, a coarse graphite structure appears 
to tend towards a lower EN value. 

Quite a number of factors may contribute to structural 
differences of this nature. Slight differences in chemical 
composition may in certain cases exert a profound effect. 
It is known, of course, that differences in casting tempera- 
ture, superheating temperature, and rate of cooling do 
exert an effect on the structural characteristics. A good 
deal of experimental work has been done from time to 
time to endeavour to ascertain the cause of the structural 
difference of the type described above. The effect of super- 
heating has been examined on several occasions. The 
experimental procedure adopted has been to withdraw a 
small sample, approximately 501b., from the receiver 
holding the main body of metal used in the ordinary pro- 
duction of castings. This small quantity of metal contained 
in a Morgan Salamander crucible has been transferred to a 
crucible steel melting furnace and raised to as high a tem- 
perature as possible. Whilst it has not been found possible 
to measure the temperature attained in this operation 
with any semblance of accuracy with the apparatus avail- 
able, it can be described as equal to that of molten dead 
mild steel in a perfect condition for casting. This tempera- 
ture may be adjudged to be from 1,550°C. to 1,600° C, 
For the purpose of these records it is assumed that this 
temperature has been attained. The metal superheated 
in this manner has been made up into a standard centrifugal 
casting identical with a comparative casting made from the 
same material, but withdrawn from the receiver and cast 
at about 1,250°C. In all cases precautions were taken to 
maintain the die conditions, temperature conditions, and 
speed or rotation constant. The descriptions of the test 
results obtained from the comparative test-pieces are set 
forth under the titles ‘*‘ Normal ” and ‘ Superheated,” the 
melting temperatures being respectively 1,200° to 1,250° C. 
and 1,550° to 1,600° C. 

The “ Normal” castings were normal in every respect, 
possessing the characteristic surface and fracture of 
centrifugally-cast material. The ‘ Superheated ” castings 
were badly pinholed on the external surface. Very little 
difference could be observed in the appearance of the 
fracture from that of the normal material. If anything, 
the “ Superheated ” material showed a slightly duller and 
blacker fracture, with slightly more tendency towards 
*“‘ openness "’ towards the inside surface. 


Chemical Composition. 
The analyses of samples taken from both materials 


are as follows :— 
** Normal.” 


‘Superheated.”” 
o o 


o oO 
SORE T CETTE T LS 3-27 3-14 
Combined carbon ...... ‘it 0-70 - 0-70 
i < cha ee dace nere eee 2-57 2-44 
aie ign win aee ewe a 1-92 1-55 
PED ccikcteccaveeser 0-83 at 0-87 
ERE awavecnsedcenavens 0-085 is 0-087 
a, eee 0-62 - 0-62 
PE Cnneekcdece ane Nil Nil 
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Strength Tests.—Determinations of the tensile strength, 
modulus of elasticity (EN value) and the stress-deflection 
curves were made on rings cut from the sample castings. 
The results are as follows :- 


“Normal.” —_* Superheated,”” 
Lb. Sq. In Lb. Sq. In. 
Modulus of elasticity (EN)... 17-9 10° 18-7 x 10° 
17-8 x 10’ 18-2 x 10! 
Tons Sq.In. Tons Sq. In. 
Tensile strength........... 19-2 ii 21-5 


The stress-deflection curves have been obtained by 
plotting the increment in gap opening with the stress 
obtained by stressing the gapped rings. The area included 
by these stress-deflection curves is proportional to the 
energy required in breaking the specimens, and is used 
as an index of the brittleness. The areas of the normal 
and superheated curves at the original scale of plotting 
have been measured with a planimeter and are 31-3 and 
19-3 sq. in. respectively. The stress-deflection curves are 
plotted from readings taken from a second loading of the 
test-pieces. During this test the permanent set value is 
obtained. This is measured during the first loading of the 
specimens in the following manner. The total extension 
in the diameter of the ring across which the stress is applied 
is measured at a stress value of 14 tons per sq. in. The 
stress is then removed and the permanent extension of the 
diameter is then measured. This permanent extension in 
the diameter, expressed as a percentage of the total ex- 
tension in diameter at the stress value of 14 tons per sq. in. 
is used as a measure of the permanent set. The values 
obtained on the two samples are as follows :—Permanent 
set “normal material,” 12-3°,; permanent set * super- 
heated material,’ 10-4°. 

In preparing the specimens for test, it is usual to observe 
the behaviour of the material during the cutting of the gap. 
The superheated material closed slightly on sawing the 
gap, whilst the normal material opened slightly. This 
indicates the presence of internal stresses in the material, 
but the distribution of the stresses is different in the two 
samples. 


Brinell Hardness. 
The Brinell hardness determined across the radial thick- 
ness of the samples, using a 2mm. ball and a load of 
120 kg. are given below : 


* Normal.” ‘* Superheated.” 


Outside edge ............... 235 255 
248 ae 269 
241 aa 255 
248 255 
255 is 241 
241 * 262 
241 o% 255 
241 ae 248 
Inside edge ............00- 235 _ 241 
er ee ee ee 243 2 25: 


These results show that superheating has brought about 
certain slight changes in properties. The tensile strength 
stiffness as indicated by the modulus of elasticity (EN 
value) and Brinell hardness are slightly higher in the 
superheated material. The permanent set value and the 
stress-deflection value of the superheated material are 
lower than the normal material. Produced under the 
conditions of these experiments the superheated material 
is liable to extensive unsoundness. 

It is of importance to note the loss in silicon content 
undergone by the superheated material, which is lower 
than the normal material to the extent of 0-4%. This 
difference in silicon content is somewhat remarkable in 
view of the fact that the superheated material was quite 
freely machinable and without sign of chill. Material of a 
composition similar to that of the superheated material 
cast under normal conditions would almost certainly show 
extensive chill on the outside surfaces adjacent to the 
spinning moulds. This being the case, it appears quite 
certain that in these experiments the effect of super- 
heating has been towards the production of a greyer iron, 
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A most important aspect of this subject is the possibility 
of associating the EN value with the origin and initial 
character of the material. Mackenzie has already referred 
to this matter in describing his researches, and he is able 
to associate some of the properties to the special nature 
of the materials from which the cast iron has been manu- 
factured, particularly to the inclusion of steel. Numerous 
examples from the writer’s experience can be drawn upon 
to illustrate this aspect of the matter. The results given 
in Table LX. are of interest in the first place, in that they 
demonstrate the possibility of substantial variation in the 
properties of initial pig irons of approximately the same 
chemical composition but from different sources. The table 
contains four examples, two hematite pig irons, and two 
medium phosphorus irons. The chemical compositions 
are not greatly different, yet the properties of castings 
made from these irons under identical conditions vary 
substantially. In view of the fact that EN values are the 
subject of our present consideration, the variation in these 
values will be noted particularly. In Table X, there are 
collected together the test results of two series of castings. 
In all cases the results are taken from centrifugal castings 
identical in size and cast under identical conditions. 
Series A are from castings made from a mixture consisting 
of hematite pig iron, phosphoric pig iron and scrap. Series 
B are from castings made from a mixture consisting solely 
of refined pig iron and scrap castings from the same mixture. 
In both these cases the chemical compositions are sufficiently 
close together to be described as identical. The difference 
in the EN value results are apparent. 


Pendulum Hardness Test Comparisons. 


It has been thought worth while to make some experi- 
mental attempt to compare the data obtained from the 





Herbert pendulum hardness test with the properties, 
rABLE IX, 
Ultimate 
Sample Total Comb. | Graphite, Silicon, | Mangan.) Sulphur,| Phosph. | Strength, 
No. Carbon, | Carbon, e.. e. a %.. %. Tons per 
o o, Sq. In. 
1 O-52 3-0 1-26 o-o22 0-036 28-4 
2 0-67 3°64 1-04 0-032 0-046 21-2 
14 0-08 3-24 0-98 0-073 0-66 17-3 
15 0-26 3-40 1-15 O-0O53 0-61 20-6 
TABLE X. 
No. Mark, CL. Gr. Total Si, Mn. s. r. Tensile. 
c, 
} 70 /30 0-60 2-0 0-68 0-079 0-83 
, 70 35 0-58 1-98 0-67 o-09 0-80 
70/5 0-62 1-78 0-60 o-004 O-s2 
1 70 45 O-57 2-16 0-71 0-076 O-R3 
> 70/10 0-60 2-0 0-60 0-097 0-78 
6 70/15 0-59 ; 2-14 0-64 O-O84 O-86 
7 70 (20 0-46 | 1°96 0-64 0-072 0-84 





particularly the EN value as determined from the ring 
test in accordance with B.S.I. Specification 5,004. The 
Herbert pendulum hardness test is now familiar to most 
metallurgists and engineers, and a brief description only 
is necessary here. The instrument is extremely simple, and 
consists of a weight of 4 kilos. resting on a steel ball 1 mm. 
diameter, and constituting a compound pendulum of one- 
tenth of a millimetre in length. The direct measurement 
of hardness with this instrument is carried out by taking a 
time hardness test. This is done by resting the pendulum 
on the specimen when the ball makes an indentation, whose 
size depends upon the hardness of the specimen. The 
pendulum in this condition is then oscillated through a 
small are of swing, and the time of swing is Udiised as a 
measure of hardness. The time hardness number is 
expressed as the time in seconds for the taking of ten single 
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swings. The instrument can be used also for the measure- 
ment of the super-hardening or work-hardening capacity 
of materials. The method of making this time work- 
hardening test is first to find the time hardness and then 
to work-harden the specimen by rolling it with the pendu- 
lum, followed by making a second time hardness test on 
the rolled surface. The process of alternately rolling and 
testing is continued until the hardness reaches a maximum, 
known the maximum induced hardness, and = then 
declines. The time hardness and time work hardness 
(¢.e., maximum induced hardness) values of some familiar 


AS 


materials are set out for comparative purposes below :-—* 
Max, 
Time Induced 
Material, Hardness, Hardness, 

pO er ere ere 21-2 31-5 
ee, CORR og i cckaeeeke 19-7 os 52-9 
Manganese steel,.......... 21-0 ‘6 57-2 
Pe i ohccahbahee ee 19-4 ia 32-0 
CS TOO scceweeesdscacer 30-0 ia 40°8 
Aluminium bronze ........ 22-4 7 42-3 


A preliminary experiment conducted on material from 
two castings identical in size and shape gave the following 
results : 


No. B. 9. 
Total carbon, % .. 3°59 3°49 


Graphite, % ......ss.e00. 3-00 - 2-65 
Combined carbon, %9 ..... 0-59 ote 0-84 
a een eae 1-76 ad 1-60 
Manganese, % ....0..055: O-85 tel 1-05 
Sulphur, % ........++- cs 0-110 fo 0-093 
Phosphorus, % .......+++- 0-83 7 0-82 
EN value, Ib. sq.in. x 107 12-0 15-9 
Tensile strength, tons sq. tn. 16-6 19°75 
Average time hardness number = 27°2 32-5 
Maximum induced hardness 37:1 48-4 


According to these tests, the original hardness and the 
maximum induced 
hardness in sample 
No. | are low, and 


EN Value lotal Limit of Der- : ’ 
Lb, per Area Propor- | manent Fn in the case of sam- 
Sq. Tn. Stress- portion, Set. ardness. 
10%, | Defiec. | Tons per o,. ple No. 9 both are 
Curve. Sq. In. high, especially the 
18-6 56-0 15-0 745 255 induced hardness 
15-5 5a-4 wo 16-3 217 . 
19-4 17-71 15 319 249 as compared with 
17°5 27-2 7h 0-3 266 of 
the normal figures 
for cast iron. The 
difference in chemi- 
cal composition be- 
Pendulum Haridnes 
Test. tween .these two 
Brinell. | EN Value] P/Set. samples in this 
rime Max. case would lead us 
Hardness, Induced “o 
en to expect the dif- 
0 lies | ooo 0 ferences disclosed 
18-4 | 10-05 | 31-2 16-0 both by the hard- 
18-6 7°94 31-8 48-3 * 
18-7 | 11-0 316 15-4 ness and the other 
18-8 10-95 30-9 16-3 . 
18-9 947 | 30-1 17-4 test figures. A 
— ew. 2 further more com- 
prehensive set of 


tests was made on a series of centrifugal cast specimens. 
The results obtained are set out in the following Table X. 
These results disclose no apparent relationship between the 
pendulum test results and the strength properties. In 
fact, the pendulum time hardness tests appear to coincide 
more nearly with the ordinary Brinell hardness results. 

It is of general interest to note the high values of maxi- 
mum induced hardness which can be obtained in the time 
work hardening test on centrifugally cast material. All 
the evidence tends to show that metals possessing a high 
work-hardening capacity are highly resistant to wear if 
the conditions are so severe as to cause deformation of 
the surface exposed to the wearing action. Under such 
conditions, therefore, suitable centrifugally cast material 
might be expected to give good results. 


° Herbert. Transaction American Soc. Mech, Engineers, December, 1926, 
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Piston Rings and 
Liner 
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their Relation to 
Wear 


The structure of a cast iron in its best wearing condition is discussed, the effect of constituents, 
contributory causes of liner wear, and the main causes of liner wear are considered. | 


Tis question of liner wear is an important one. It 
has been responsible for many investigations to 
determine the causes, but so many factors are in- 
volved that the problem is not easily solved. It is appre- 
ciated that piston rings have a considerable influence on 
cylinder wear; they have an arduous duty to perform 
in maintaining a seal for a long period in order to ensure 
a high degree of efficiency from the power used, and much 
work has been applied to their design and in controlling 
the quality of metal used. These aspects of the problem 
were discussed by Mr. H. J. Young, in a paper given before 
the Institute of Marine Engineers on December 12, and as 
Mr. Young has a wide experience of this subject his views 
are valuable. His earliest recollection of difficulty arising 
from liner wear came with the introduction of superheated 
steam. The complaints from its application were, not 
infrequently, associated with piston ring breakage or undue 
wear of cylinder or line bore. In the mercantile marine—at 
least in those days—it was impossible to exercise control 
over piston rings or, indeed, to conduct any definite research 
on them. Rings were picked up anywhere and were made 
from all kinds of cast iron. Under the circumstances, the 
author adopted a method by which the precise history and 
characteristics of each liner, made and sent to sea, were 
known and could be accurately reproduced if necessary. 
The procedure consisted in noting the exact method of 
manufacture in each case, also the composition, micro- 
structure, and physical properties. It was also possible 
to work in co-operation with a number of shipowners and 
so follow up the results obtained in service. 

Although not highly scientific, the method adopted 
proved exceedingly effective, and the author’s deductions 
are enlightening. In regard to wearing qualities, he found, 
for instance, that Prinell hardness gave no indication as to 
what would happen under service conditions, and strength 
properties in themselves did not indicate wearing qualities ; 
there did, however, appear to be a strong probability that 
the better-wearing irons for cylinder liner work were those 
possessing a degree of malleability. This is an important 
point which has so far not been investigated. 

There was no indication that low carbon irons were better 
than medium carbon irons. The higher carbon irons have 
not been tried, but would appear to offer good wearing 
qualities if it be possible to make them with such structure 
as is capable of adequately supporting greater graphite 
content. The graphite and graphite-voids act as irrigations 
and lubricant-holding reservoirs, which tend to carry the 
iron safely through its dry periods, dry in that there is a 
lack of outside lubrication. 

For every composition of cast iron there is a point at 
which the iron contains just sufficient carbon in com- 
bination to possess an all-pearlitic structure. The quantity 
whick makes any particular iron all-pearlitic is controlled 
largely by the amount of phosphide carried. It is impossible 
by analysis to judge whether the all-pearlitic state prevails, 
the microscope alone shows whether the precise structure 
is present. The Lanz Perlit process claimed to produce 
good wearing properties because of its ability to produce 

m of all-pearlitic structure in all parts of a complicated 
ca-‘ing. Also, by that process it was possible to use irons 
unsuitable under ordinary foundry methods. The author’s 
experience over many years is that any iron in its all- 
pearlitic condition (no matter how obtained) is, for that 
particular quality of iron, also in its best wearing condition. 





Engineers require to recognise that talk about all- 
pearlitic iron is often loose and ill-understood. To produce 
a casting in this state is to deal with a border-line iron. 
It is a very tricky operation, and means the possibility of 
waster castings in the foundry. Many ordinary castings, 
from drain pipes to cylinders, are more or less pearlitic, 
but few such are all-pearlitic and then wholly by chance. 
Mr. Young has been concerned lately with the making of 
cylinder liners for automobiles and for the smaller types 
of Diesel engines ; for these the production of an all-pearlitic 
casting is fraught with great foundry risk. 


Effect of Constituents. 

There is controversy about the phosphorus content. Some 
engineers state that the best wearing liners are those 
containing a considerable proportion of phosphorus. On 
the other hand, the author has noted that no matter what 
the phosphorus content the iron does not wear well unless 
it has an all-pearlitic structure. It has been exceedingly 
difficult to compare the results obtained from a high 
phosphorus iron with those from a lower phosphorus iron. 
Usually other variables are present, particularly those 
relating to structure. There have been instances where a 
foundry has increased the phosphorus content and obtained 
better wear results, but actually what happened was that 
they produced an all-pearlitic iron in place of the opposite. 
Phosphorus combines with pure iron ; therefore an increase 
of phosphorus means less pure iron remaining for the 
carbon to combine with, and an iron previously less than 
all-pearlitic can be made all-pearlitic by raising its phos- 
phorus content, in which case a casual observer may give 
the credit to the phosphorus, whereas it is due, or largely 
due, to improved structure. 

From the wear standpoint, sulphur is one of the most 
important of the ordinary impurities present in plain cast 
iron. The sulphide is distributed in the form of thousands 
of hard globules or threads. Given an iron possessing some 
malleability, plus a structure capable of gripping these 
globules, then the higher the sulphur the better does the 
iron wear. The objection is that high sulphur iron is 
difficult to manufacture. It has a tendency to go hard and 
not to be all-pearlitic. The policy of keeping sulphur as 
high as possible without, at the same time, losing strength 
or acquiring brittleness, whilst maintaining all-pearlitic 
structure, is sound advice, but it is unpalatable by reason 
of the difficulty of attainment. Good high sulphur iron 
machines easily, but cannot be cut by a hack-saw. With 
regard to manganese content, the author usually keeps 
it above 1%. The sulphur-manganese balance needs to be 
maintained, but, apart from that, the benefits of manganese 
seem to be negligible. The author thinks it might be 
interesting, however, to try the effects of high manganese, 
say, 3 to 4%, but up to the present has no reason to believe 
that an all-pearlitic liner containing 0-75°%, manganese 
wears any differently from another all-pearlitic liner 
similar in every respect but containing 1-5°, manganese. 

Where heat resistance is to be provided for—and it is 
probably true to say that in many cases it has not—the 
silicon content of the iron, in the absence of chromium, 
needs to be 1% or less. By the Perlit process it is possible 
to make grey castings definitely heat-resisting with only 
0-5% of silicon. In aeroplane work there is a call for heat- 
resisting property in the piston rings, but no great success 
appears yet to have been attained—and problems other 
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than heat resistance have to be solved. In high-speed 
engines there are “ dry ” liners or sleeves, as distinct from 
“wet” liners. The first is a genuine liner fitted to a bored 
cylinder, whereas the latter is not a liner at all, but simply 
a cylinder head and cylinder body made separately, the 
last named being a wet liner. “ Dry” are frequently of 
}, in. wall-thickness, and present a knotty problem if 
control is attempted by silicon content alone. 

For liner castings the author has found alloying elements 
of use, and although he is not concerned with anything 
over, say, 20 in. diameter, he thinks he would also use 
them for the largest sizes. He mentioned chromium, nickel, 
vanadium, molybdenum, and titanium as being the most 
interesting of these elements at the moment. He looks 
upon the limited addition of these elements in much the 
same way as he views the ordinary and usual impurities 
in cast iron—namely, as to how they affect structure rather 
than with regard to any particular property conferred by 
the elements themselves. It should not be assumed that 
this or that element does not give rise by its own power to 
some greater resistance to wear, but the author has no 
proofs to offer. 

Wear-resisting properties depend upon structure and 
upon all-pearlitic structure in particular. There are many 
types of this structure, and in no way are they alike in 
wear resistance. The best wearing iron of any one all- 
pearlitic series, according to the author, is that in which 
the graphite flakes are disjointed and well distributed, with 
absence of lines of weakness and where the pearlite lamellze 
themselves are very fine when taking into consideration the 
thickness and mass of the casting concerned. This desirable 
condition must exist in the casting itself, and cannot be 
ascertained by any test save one applied to an actual 
casting. Fortunately, once the correct iron and the correct 
cooling conditions have been discovered, the structure can 
be controlled. 

It is of interest to note that years ago Mr. F. Grimshaw 
Martin, F.1.C., and the author made a study and survey 
of the Diesel cylinder and liner cast irons of the world. 
Each worked in his own laboratories, the whole of the 
results being brought together and made into a joint 
report, and of all those different irons the ones considered 
to be the better happened to be also the most dentritic. 
The matter was so obscure that it was decided to do no 
more than make a note of what had been observed. The 
subject is no less obscure to-day. 


Contributory Causes of Liner Wear. 

In dealing with contributory causes of liner wear, the 
author states that it is made more difficult than necessary 
by reason of contradictory results, obtained under uncon- 
trolled or unknown conditions. A high sulphur fuel, for 
instance, is more inimical to liner wear than a low sulphur 
one ; also, if such products of consumption penetrate the 
lubricating system, other parts of the engine may be 
affected adversely by the contaminated lubricant. Simple 
rusting is rife at idle periods, and the peculiar point about 
this aspect of the subject is its very obviousness. Corrosion 
due to rust and to corrosive matters from the fuel are so 
clearly a part of the problem that the only interest has been 
ever a question of degree. 

Impurity of incoming air is important, particularly in 
rocky or sandy areas or in highly populated districts 
where the road dust, as in London, may have its own 
peculiar impurities. Sea-water laden air is to be avoided. 
Compound oil, particularly from wet compressors and after 
coming through copper pipes, is bad if carried into the 
combustion zone. Liquid, solid or gaseous impurities in the 
steam or in the fuel, are as serious as anything. In the 
case of superheated steam, there appears to be something 
not located which is very pernicious from the wear point 
of view. It cannot, however, be lightly assumed that 
corrosion is a main factor. It may be in certain cases, 
but not in all. 

Lack of continuity of oil film during starting-up, 
manceuvring, traffic halts, and so on, is caused by the 
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lubricant not functioning well under the conditions. Also, 
and particularly in the case of petrol engines, dilution with 
fuel takes place at such times. Too effective scraper rings, 
too great unit-wall pressure of any ring, or inequality of 
wall pressure around a ring will cut the oil-film, and the 
harm done perhaps in a moment or so may determine 
the whole life of the material. Pressure behind rings and 
lubricant getting up into the combustion zone are two 
problems which various inventions appear to alleviate. 

Carbon deposits produce abrasive action, clog both rings 
and oil-film, and also act as hot spots. The use of ozone 
is suggested as a cure for carbon trouble, and is being 
experimented with. Distortion of liners—especially when 
hot—may be due either to stresses within them, to stresses 
coming from injudicious fitting, or to stressing from the 
cylinder-block. Dry liners present many problems in this 
direction, and the design of cylinder blocks has to be taken 
into consideration. It may be in some cases that the liner 
should be “ aged ”’ after being fitted, and the final trueing- 
up delayed. 

Honing and grinding materials are suspect, and single 
point turning has its attractions. As far as the author has 
seen, no good liner after long service possesses the polish 
given by honing, but instead has an appearance peculiarly 
its own and unlike anything produced in the machine-shop. 
It is possible that cast iron has a particular ideal working 
surface and that it cannot function successfully until the 
artificial one put on by such operations as honing has been 
removed. These remarks are altogether separate from the 
equally important aspect of a porous metal like cast iron 
being able to retain some of the polishing materials used. 


Main Causes of Liner Wear. 


Foremost are piston thrust, tilt, slap, and oscillation ; 
the momentary jamming of rings; the bending or the 
tilting of a ring—indeed, when one considers what happens 
to the piston and to each ring in that fraction of time of 
passing from upward to downward direction, it would seem 
obvious that wear is more physical than chemical. There 
are vast problems connected with piston clearance and 
length ; radial thickness, width and wall-pressure of rings ; 
and with ring groove clearances ; in fact, it would appear 
almost certain that could rings be done away with the 
problem of wear would disappear. The number of times 
per minute that thrust occurs, together with compression- 
ratio, are, the author thinks, more important than rate of 
travel or corrosion. The position of the maximum wear 
points to this so far as the liner is concerned. 

Of course, if the liner material has not the property of 
quickly forming a working skin and has not the ability to 
repair rapidly any damage to that skin, then decay due 
to disintegration must follow. There have been many 
instances where cylinders or liners made of poor material, 
particularly after reboring, wear rapidly and give ring 
trouble, which is cured at once by the insertion of a tough 
all-pearlitic liner 

Incompatibility of materials is an increasing difficulty. 
All kinds of steels, cast irons, and light alloys are being 
combined almost as if mere reference to a list denoting 
their physical properties had been the deciding factor. 
In marine practice, weight is not quite so important as on 
land or in the air, and it is suggested that the problem is 
sim plified when the choice of dissimilar materials is limited. 

Numbers of antidotes applied successfully to bad engines 
or to engines in a bad condition are useless when applied 
to a good engine in a good condition. It is necessary to 
distinguish between remedies and improvements. Going 
into the unknown to find a remedy often results in com- 
plications arising in quite another direction, even though 
the original problem be solved. 

Ordinary marine piston rings for large superheat and 
Diesel jobs give little trouble—and this covers a very large 
output of such rings. But the position relating to high- 
speed compression ignition engines is developing rapidly, 
and calls for improvements in materials and the manner 
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of producing them. There are many directions in which 
work is being done, and mention may be made of Perlit 
methods, centrifugal casting, and the hardening and 
nitrogen-hardening of alloy irons. It is proposed to deal 
briefly with those improvements with which the author is 
associated, and to leave others to deal with their particular 
branches. 

The single-cast piston ring—namely, the ring cast as a 
ring instead of being parted off a pot, bush or quill, has 
attractive features. Owing to the very small amount of 
iron going into the mould the iron is obtained in a unique 
condition as regards structure, elasticity, and strength. 
The ring is both flat and round from the commencement of 
its existence. Unit wall-pressure round such a ring is 
uniform (save at the gap), whereas round an ordinary ring 
it is in four humps. The first single-cast rings produced 
abroad were made of poor-quality material, largely by 
reason of the not unusual foundry procedure of getting a 
“* good-looking *’ casting somehow, no matter what the 
quality of the material. In this country, however, we have 
succeeded in putting a good iron into a single-cast ring, and 
hundreds of thousands of such rings are now in service. 
The possibility, under single-cast conditions, of obtaining a 
yet better ring is great. There is a call for such rings on 
certain jobs, and particularly upon certain airplane engines. 
Research of such nature is likely to throw light not only 
upon ring wear, but upon ring-groove wear, which is more 
important. 
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For the high-speed compression ignition engine liner a 
cast iron containing chromium, vanadium, and titanium 
has been developed. This iron is called “ Vacrit.” Its 
characteristics are a tough, all-pearlitic matrix with small 
disjointed graphite. The whole structure is so fine that it 
will withstand high magnification. The iron is cast in 
dry-sand moulds in the ordinary foundry manner, and is 
not heat-treated either in the mould or later. 

It was expected that the structure obtained together 
with the influence of the three elementasmentioned would 
promote wear resisting properties, and up to the time of 
writing promising service results have been. obtained. It 
may be mentioned also that “ Vacrit”’ iron is not par- 
ticularly costly, and does not fall within that category of 
materials which are more or less “‘ luxuries.” 

Fortunately, commercial engines have not yet demanded 
doped fuel, but unfortunately they have demanded light 
alloys. Viewing the whole position and such troubles as he 
sees, the author thinks that workers devoted to cast-iron 
research need not relax their efforts, because it may well 
be that the most reliable and valuable engineering material 
of the future will prove to be that of the past. In other 
words, engineers who have discarded cast iron for steel 
and light alloys will return to cast iron—and even now, 
in some directions, are returning—as and when are pro- 
duced those improvements which all students of that 
interesting metal have visualised, have believed in, and 
are to-day beginning to grasp. 


Drop versus Film Formation in the Condensation 
of Steam on Condenser ‘Tubes 


INVESTIGATIONS on the above subject by Jeffrey and 
Moynihan', as a result of irregular and erratic thermo- 
couple indications in experiments to determine the effect 
of the size of the thermo-couple wires, indicate that con- 
densation of steam on condenser tubes takes place in drop 
formation, as long as the tube is “ commercially ’’ clean. 
This action is probably due to the effect of a very thin film of 
lubricant (so-called greasy film) with which all surfaces ex- 
posed to the air for any length of time are apparently 
covered. The effect of this film appears to be to cause 
water to fail to wet the surface completely. Hence, the 
drop formation. 

When a drop of some magnitude gathers over one of the 
couple junctions, it acts as a resistance and the heat is ab- 
stracted from the junction by the copper wall with great 
rapid ty. This accounts, of course, for the erratic indications, 
and incidentally raises a serious question as to the reliability 
of any previous measurement of average surface tempera- 
ture in the case of condensing vapours. 

The phenomenon described is not new, but previous 
investigators seem to draw from their experiments the con- 
clusion that drop condensation occurs only ona very smooth 
tube surface and that it is an unstable phenomenon. This 
is not the experience of the authors in this investigation. 

Contrary to the opinion of some other observers, drop 
condensation does not require either very highly polished 
(chromium-plated) surfaces or low steam velocities, for in 
the experiments under discussion here, it was not possible 
to get anything else than drop condensation on a com- 
mercially clean tube at any steam or water velocity within 
the range of the apparatus. Even a thin oxide film, turning 
the tube black after some 120 hours, did not change this 
condition. Whether higher or lower steam pressures, or 

nore or less air in the steam, would have affected this 
general result was not determined in these tests. 

if the greasy film is removed by special means, making 
the surface “‘ chemically ’’ clean, the type of condensation 
changes to the film form, with a consequent decrease in the 
value of the transfer coefficients. But this is an unstable 


condition, the slightest contamination of the surface causing 
a reversion to drop condensation. 

There is evidence to show that in actual use, as the com- 
mercially clean tube becomes covered on the outside with 
an oxide layer, and particularly with a layer deposited by 
the impurities in the steam, the type of condensation 
gradually changes from drop to film form. How long a 
time is required for this change is, of course, a function of 
the conditions in a given plant. Since there is a remarkable 
difference between the transfer coefficients in the two types 
of condensation, special efforts to maintain tubes * com- 
mercially *’ clean outside as well as inside would be a good 
investment. Asa matter of fact, it appears more important 
to keep the tube clean on the steam side than on the water 
side, although probably much more difficult. 

From the standpoint of surface temperature measure- 
ment, the tests carried out in this investigation raise very 
definitely the question of the proper method of measuring 
surface temperatures in experiments made to determine 
film coefficients of heat transfer with any condensing 
vapour. In work on overall coefficients, this question is, 
of course, not involved. It does not seem to the authors 
adequate in the measurement of surface temperatures 
simply to connect two or more thermo-couples in the usual 
fashion, and then to regard the mean of the readings so 
obtained as the mean surface temperature of the entire 
surfaces. As long as drop condensation persists in any 
test, this method may be subject to very considerable 
errors. Asa matter of fact, an entirely satisfactory method 
of measuring mean surface temperatures of extended tube 
surfaces does not, as yet, seem to be in existence. This 
investigation is part of a series of experiments to determine 
film coefficients in the condensation of steam with various 
amounts of air. The progress of the work is very definitely 
held up by the failure so far to find a really acceptable 
method of measuring surface temperatures. The authors 
would welcome any hints toward the solution of this 
problem. “ 
1 J. O. Jeffrey and J. R. Moyniban, Mech. Eng. Vol. 55, No. 12, pp. 751-4. 
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Light Alloys for Aeronautical Purposes with Special 
Reference to Magnesium 
By Leslie Aitchison, D.Met., B.Sc., F.I.C. 


Fundamental data of definite service to the aeronautical engineer in comparing the relative 
importance and value of available magnesium alloys are given in the lecture which the author 


_ delivered before the Royal Aeronautical Society on 


December 14, a brief reference to 


which is given in this article. 


has certain uses, but, like most pure metals, its 

mechanical properties are so inferior as to make the 
material of the slightest value for constructional purposes. 
The nature of these properties can be seen from the figures 
in Table I., in comparison with corresponding figures for 
aluminium and copper. Naturally, in view of these 
mechanical properties efforts have been made to produce 
alloys of magnesium which will possess mechanical pro- 
perties of a valuable order. 


Ties metal mganesium, when of commercial purity, 


TABLE L 


PURE MAGNESIUM, ALUMINIUM, 
(ROLLED AND ANNEALED). 


PROPERTIES OF AND COPPER 


om | Magnesium.) Aluminium.| Copper. 
—— wa cateuaninalvninies 


ED cv kcecaddenese0cdeecsestecescenccees 1-74 2-71 8-93 
Maximum stress, tons /sq. im. .........000005 11-0 6-0 14-0 
Te pac kb ne C6CA64 see eREOENE ROSA 5-0 40 60 
Modmetiom Of aFen, % .ccccccccccccccccecess 6-0 ! 80 | 75 
PE ND vec ccnnnvvesesccoesscessies 33 24 | 38 
RE CURED scbccSeensentaronsdenceenet 6-3 | 2°3 | 1-56 


The main interest attaching to magnesium consists in its 
exceedingly low specific gravity. It is the “lightest ” 
known, and since it is practically impossible to make any 
alloying additions to magnesium without affecting its 
density in an adverse manner ; thus, if heavy elements are 
to be alloyed with it, they ought to be employed as sparingly 
as possible. Another factor which definitely affects the 
production of useful alloys of magnesium is that this metal 
differs from most other well-known and recognised materials 
of construction in its crystalline character. Iron, alu- 
minium, copper, and nickel all crystallise in the cubic 
system. Magnesium, on the other hand, consists of crystals 
conforming to the hexagonal system. This fact has a very 
big bearing upon the mechanical and metallographic be- 
haviour of magnesium generally, but it also has a definite 
bearing upon the subject of alloying. Of the metals which 


TABLE II. 





THE INFLUENCE OF DIFFERENT PROPORTIONS OF ZINC UPON THE 
MECHANICAL PROPERTIES OF MAGNESIUM (EXTRUDED). 
Zine, | Maximum Stress. Elongation, Reduction of Area, 
%. | Tons/Sq. In. %. E %: 
1-69 | 13-9 #+| #£«13-2 
1-98 14-3 13-8 
3-00 15-0 16-7 
4-93 | 17-8 5-0 
5-73 18-2 16-4 
6-35 19-0 17-6 
6-65 18-2 15-6 
7-34 17-9 18-4 
11-02 18-9 15-0 
TABLE IItL 
THE INFLUENCE OF DIFFERENT PROPORTIONS OF CADMIUM UPON 


THE MECHANICAL PROPERTIES OF MAGNESIUM (EXTRUDED). 


| 


j 
Cadmium, Maximum Stress, Elongation, 
o 


a rons /Sq. In. > 

0 8-0 

5-5 1-80 
Rh 1-88 
13-0 1-90 





are available in general industry, only two, other than 
magnesium, crystallise in this particular system—namely, 
cadmium and zinc,—and Tables IT. and III. show the 
effect upon the mechanical properties of magnesium pro- 
duced by adding proportions of zine and/or cadmium to it. 


It will be noticed that, in each series of binary alloys, the 
properties of the richer alloys are considerably better than 
those possessed by the pure metal itself, but even so they 
are not tremendously striking, and it is clear that it will 
be necessary to add some other metals—in other words, to 
produce ternary alloys—if materials possessing really useful 
mechanical properties are to emerge. To produce a ternary 
alloy, a departure from the metals which crystallise in the 
hexagonal system must be made, and the importance of 
specific gravity must then be remembered in making a 
choice of the third metal. It is important, therefore, to 

TABLE IV. 
INFLUENCE OF DIFFERENT PROPORTIONS OF ALUMINIUM UPON 
THE MECHANICAL PROPERTIES OF MAGNESIUM (EXTRUDED), 


THE 





Aluminium, Maximum Stress. Elongation, Reduction of Area, 
%, Tons/Sq. In. %. Yer 
2-5 14°3 12-5 29.0 
7:74 20-8 12-0 | 19-0 
8-17 19-7 12-0 16-0 
8-51 19-9 } 8°5 16-0 
9-17 21-3 8-0 15-0 
9-35 19-8 8-5 15-0 

10-6 21-6 6-2 13-0 
11-77 23-4 2-6 4-0 
2°2 21-6 5-0 7-0 
12-5 24-2 } 2-0 4-4 
13-14 20-0 1-0 5-7 
19-19 20-6 -— 


ascertain first of all exactly what effect is produced upon 
the mechanical properties of magnesium when aluminium 
in suitably graded proportions is added to it. The effects 
of such straightforward additions of aluminium are shown 
in Table IV. 


Effect of Aluminium on the Strength Properties of 
Magnesium. 


The beneficial effect of aluminium upon the strength 
properties of magnesium, it will be noted, is quite con- 
siderable, but the ductility factors are affected rather 
adversely. In view of the detrimental effect of aluminium 
upon the ductility, it becomes desirable to investigate the 

TABLE V. 


THE INFLUENCE UPON THE MECHANICAL PROPERTIES OF MAGNESIUM 
OF DIFFERENT PROPORTIONS OF ALUMINIUM PLUS ZINC (EXTRUDED), 





Maximum Reduction of 





Aluminium, Stress, Elongation, Area, 
% Tons /Sq. In. %- %. 
13-8 17°3 47-0 

15-8 17-6 36-15 

16-1 16-0 35-2 

15-5 17-4 40-8 

18-0 17-1 28-25 

18-1 20-0 34-65 

17-6 21-3 39-9 

21-6 13-5 17-0 

q 22-5 le 17-0 

2-33 34 11+: 13-5 

4-12 22 12-7 18-5 

7-85 19-0 11-0 13-5 

3-08 19-8 16-5 24-60 

1-45 19-4 15-5 13°55 

3-69 20-8 15-75 21-56 

3-05 20-0 70 20-9 

soe 5-08 21-0 17-2 25-2 





possibility of securing the strength benefits imparted 
by additions of aluminium, and at the same time to 
minimise, if possible, the losses in ductility, always ensuring 
that, as far as possible, the density of the resulting alloys 
shall not be unduly higher than that of magnesium. With 





oo ees ee ee eee 





this end in view, careful investigations have been made to 
determine the effect of adding aluminium plus zinc in one 


TABLE VI. 
THE INFLUENCE UPON THE MECHANICAL PROPERTIES OF MAGNESIUM 
OF DIFFERENT PROPORTIONS OF ALUMINIUM PLUS CADMIUM 
(EXTRUDED). 


Aluminium Cadmium, Maximum Elongation, Reduction of 
%. %. Stress, %.- Area, 
| Tons /Sq. In. %- 
9-47 | 1-25 22-1 ‘7 } 9-76 
10-28 1-96 22-0 | 12-6 | 17:3 
9-70 | 2-08 “4 10°56 14-7 
9-0 3-76 uN | 11-2 | 16-25 
12-44 1-13 7-2 | 6-0 
12-99 2-10 4-2 | 5-9 





case, and aluminium plus cadmium in the other, and the 
mechanical effects of these additions are set out in Tables 
V. and VI. respectively. 


Effect of Manganese and Silicon. 

Before examining critically the results which have been 
obtained in these various ways, it is desirable to see whether 
any of the other binary systems, similar to that with 
aluminium, yield results that would be of value. For this 
purpose two elements have been investigated rather care- 
fully—namely, manganese and silicon. It has been found 
that the presence of manganese in magnesium alloys 
confers advantages of a certain character quite apart from 
any that may be associated with the mechanical properties 
of the resulting material. This is important, as the effect 
of manganese upon the mechanical properties of magnesium 
is not really at all striking, as can be seen from the test 
values obtained from a series of binary alloys and shown 
in Table VII. The addition of silicon produces rather 
more definite effects upon the properties, and these can be 
well seen from the figures given in Table VIII 

TABLE VII. 


THE INFLUENCE OF MANGANESE ADDITIONS UPON THE MECHANICAL 
PROPERTIES OF MANGANESE (EXTRUDED). 


Percentage 


Maximum Stress, | ~ Blongation, 
Added Metal. 


Tons/Sq. In. | 


0-18 13°7 6-0 
0-41 13-6 5-2 
0-75 13-4 4-3 
0-82 13-4 1-0 
1-13 13-0 3-6 
1-52 13-2 1-0 
1-94 13+ | 3° 
2-60 13-3 3-6 


TABLE VIII. 
THE INFLUENCE OF DIFFERENT PROPORTIONS OF SILICON UPON THE 
MECHANICAL PROPERTIES OF MAGNESIUM (EXTRUDED), 





Silicon, Maximum Stress, EHlongation, Reduction of Area, 
%- Tons /Sq. In. %e %. 
0-0 | 12°5 8-0 8-0 
0-04 11-6 18-8 31-3 
0-16 14-2 10-7 14°3 
0-56 14-9 7-3 13-4 
0-93 16-5 7*3 11-4 
1-01 17-1 76 11-0 
1-26 15-7 6-7 9-2 
1-73 15-65 6-2 8-5 
2-19 14-4 i-2 5°9 


Magnesium Alloys and Aluminium Alloys 
Compared. 


It may be desirable at this stage to review the results 
which have been obtained from this brief summary of the 
mechanical possibilities of alloying different elements with 
magnesium, and to compare the results obtained with those 
that can be obtained from the best available alloys of 
aluminium. It is obviously necessary to make the com- 
parison between the magnesium series of alloys and the 
aluminium series upon cast alloys separately from those in 
the wrought condition. For the former section a satisfactory 
basis for comparison exists in such alloys as L 8, L 11, the 
silicon alloys like “ Alpax”’ or “ Silumin,” and in “ Y ” 
alloy ‘both as cast and heat-treated). In Table IX. typical 
proper’ ics for these particular alloys are set out, and certain 
figures of merit are included which are simply the ratio 
between the maximum stress and the density. This 
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criterion, known as the specific tenacity, is open to certain 
objections if taken too literally as a figure of merit, but 
from the straightforward point of view of the construction, 
it certainly provides something of real value when deter- 
mining the lightest method of producing a particular part 
having a given strength. In Table X. are displayed the 
corresponding properties of typical magnesium alloys 
resulting from the principles shown above, in the cast 
condition, and the figures for the specific tenacity are again 
quoted for this series of alloys. 


Characteristics of Magnesium Alloys. 


Before discussing the wrought alloys, it is necessary 
to make some reference to certain peculiar characteristics 
of magnesium, and most particularly of magnesium alloys. 
The first characteristic to notice is that, in a general sense, 
the mechanical properties of alloys of magnesium are not 
capable of improvement by heat-treatment in the same 
way as occurs with duralumin or its derived alloys. This 
means that such strength as the magnesium alloys possess 
is present in virtue of two things which are quite distinct. 
The first controlling factor is the actual intrinsic strength 
and ductility of the alloy, due to the metallographic effect 
of inserting atoms of a second, or second and third, element 
inte the crystal lographic lattice of magnesium. The 
second factor is that of cold work, and this particular factor 
must be examined rather carefully because the capacity 
possessed by magnesium alloys for absorbing cold work 
is decidedly and definitely limited. Naturally, no such 
problems as this arise in connection with cast alloys. 

TABLE IX. 
THE MECHANICAL PROPERTIES OF TYPICAL ALUMINIUM ALLOYS. 





j | H | 
Proof Maximum | Elonga- | 
tion, Brinell | Specific Form, 
° 








Alloy. Stress, Stress, | 
Tons; | Tons | oe Number.! Tenacity.| 
Sq. In. Sq. In. | | | | 
ORs csiadstas 5-0-6-0 | 10-11-5 | 1-2 | 68-73 | 3-3/3-8 | Chill 
Sp. Gr. 3-0 ...| 4°0-4-0 8-5-10-5 0-+)-5 70 2-8/3-5 | Sand 
eer 68 | 911 4-3 55-60 | 3-1/3-8 | — Chill 
Sp.Gr.2-9 ...) 5-6 7-5-8°5 2-5-1°5 50-55 | 3-6/3-93) Sand 
Al-Si...----)] 45 | 10-5-41-3] 10-5 | 45-55 | 4-0/4-4 Sand 
Sp. Gr. 2-6 ae | } | | 
“Y” Alloy ... ‘ 3-0 | 15) || lg 4-6 Chill 
Sp.Gr.2°80 ..) — | 10-0 1-0 87 36 | Sand 
“yy, - | 
X™ Alloy } 2-5 | 100 71 Chill 


| 20-0 


| 
Sp. Gr. 2°80 ) | | (Heat-treated 
' 











TABLE X. 
THE MECHANICAL PROPERTIES OF TYPICAL MAGNESIUM ALLOYS 
“AS CAST.” 
Be - | : | | | ata 
Yield | Maximum | Elonga- B.H. | Specific 
Material. Point, | Stress, tion. No | Tenacity. 
Tons /Sq. In.| Tons /Sq. In.| > | | 
Elektron AZG (Sand) 6-0-7-0 9-11 53 | 45-55 5-0 /6-1 
» +» (Chill 6-0-7-0 13-15 6-0 | 50-60 7°15/8-25 
Elektron AS (Sand)... ..| 6-0-7-0 HL | 53 | 45-55 5-0 /6-1 
” » (Chill) .. ..| 60-7-0 | 13-15 10-6 50-60 7°15/8-25 
Elektron VI (Chill) or } 
(Pressure) «+ os] 7°0-8-0.. 9-12 i-2 65-70 | 5-0 /6-6 
| 





Forging Qualities of Magnesium Alloys. 


The fact that magnesium crystallises in the hexagona 
system has a very definite bearing upon its capacity for 
distortion and also its alloys, and this has a definite bearing 
upon the mechanical properties following from the crystal- 
line orientation in any given piece of matetial. The 
practical effect of this fact, in general terms, is that it is 
possible to distort a single crystal of pure magnesium to a 
very considerable extent, but only in certain directions 
relative to the crystalline axes. A limit to plastic distortion 
is fairly quickly reached, however, in any piece of com- 
mercial material, consisting, as it naturally does, of a 
composite agglomeration of crystals orientated in a variety 
of directions in relation to the outside dimensions of the 
piece. This limit is fairly marked in the pure metal, but 
in the alloys is reached much more quickly, which simply 
means that the possibility of applying cold work to 
magnesium alloys, particularly to those containing any 
notably high proportion of alloying elements, is definitely 
slight. From this there emerges a corollary that any 
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working or extensive shaping of the metal (if it is to be 
accomplished at all) must be carried out at temperatures 
relatively much above atmospheric. 

Fortunately for all concerned, at temperatures over 
225° C. the capacity of magnesium and its alloys to suffer 
distortion increases considerably, and the capacity for 
plastic working of those alloys which contain only a small 
proportion of alloying elements is reasonably good at these 
relatively high temperatures. Nevertheless, an increase in 
the proportion of elements crystallising in the cubic habit, 
present in the magnesium alloy, very quickly diminishes 
the possibility of distortion of the resulting material. Even 
at these elevated temperatures, the rate at which the metal 
can be worked or distorted is very different from that 
ordinarily experienced by the forgeman or the metal roller. 
This is particularly true of those alloys which contain 
higher proportions of the alloying elements, and the rate 
of deformation must be very small indeed when high 
percentages of, for instance, aluminium are present in the 
alloy. 

TABLE XL. 


PROPERTIES OF WROUGHT MAGNESIUM ALLOYS 
(ROLLED SHEET). 


THE MECHANICAL 











Proot | Maximum | Elonga- | | Specific 
Alloy. Stress. Stress, tion, V.P.N. | Tenacity. 
Tons /Sq. In.| Tons /Sq. In. %ee 
maton AM503 | | 
_ | Sa 10-0 15-5 =| 5-0 46 | 8-6 
“Rolled and annealed ..|| 7-0 | 12-0 | 70 | 40 6-7 
TABLE XIL 


PROPERTIES OF WROUGHT 
(EXTRUDED). 


THE MECHANICAL MAGNESIUM ALLOYs. 





Proof Maximum | Elonga- | | Specific 
Alloy. Stress, Stre.s, tion, V.P.N. | Tenacity. 
Tons /Sq. In.| Tons /Sq. In. %. | | 
Ele ktron AMS0: 90 3-— 
3hin. Bar oe 0s o- 7-3 14-4 6-5 | 43- | 8-3 
165WG., tube.. 13-5 8-8 4-0 48 | 10-4 
Elektron AZM— 
fin. bar oo ool 15°3 21-2 15-0 66 11-6 
2 in. bar os 2% os 10-8 20-4 13-0 67 11-2 
} in. angle 12-5 20°5 18-5 66 11-2 
10SWG. tube. 18-7 21-9 16-0 — | lg 
TABLE XIIL 
THE MECHANICAL PROPERTIES OF WROUGHT MAGNESIUM ALLOYS 
4 F¢ RG ED). 
Proof Maximum | Elonga- | Specific 
Alloy. Stress, Stress, tion, Tenacity. 
‘Tons /Sq. In. |Tons /Sq. In. %. 
Elektron AZM— | 
6in. bar .. so 0s se 6s 11-6 19-0 13-0 10-3 
lin. bar . ° 11-2 19-0 19-0 | 10-3 
Elektron AZ85 5— 
eg 15°6 21-4 8-5 11-7 
Sin. bar 12-4 22-2 10-5 | 2-1 
2 in. bar . 15-4 | 22-0 13-0 | 12-0 
Upended (radial) 14-8 | 21-6 | 9-0 11-8 
TABLE XIV. 
THE MECHANICAL P — : RTIES OF TYPICAL WROUGHT ALLOYS OF 
UMINIUM it (E XTRUDED), 
Proof } Maximum res Woe 
Alloy. | Stress, Stress, Elongation, | Specific 
| Tons /Sq. In. | Tons /S4. In. | %. | Tenacity. 
Duralumin os e «8 17°8 26-63 18-7 9- 54 
bs se ew (es 4-5 | 25-00 18-0 | 8-90 
Super duralumin .. .. .. 23-0 | 30-0 12-0 10-7 
RBSG «wo. oe oe se 22-0 27-0 _12-0 | 9-58 


In view of aie facts, it is desirable to quote the 
mechanical properties of representative magnesium alloys 
in a variety of forms produced by working hot. In Tables 
XI., XII, and XIII. such figures are given for representa- 
tive magnesium alloys, and values are included for the 
specific tenacity of the alloys in these different conditions. 


Comparison with Wrought Aluminium Alloys: 

In Table XIV. are set out for comparison the values for 
some recognised wrought alloys of aluminium, correspond- 
ing to those given for the magnesium alloys in Table XII. 
From the figures it becomes clear that if the specific 
tenacity is accepted as a criterion of the merit of an alloy 
from the standpoint of the constructional engineer, the 
alloys of magnesium possess properties which make them 
definitely comparable, and indeed competitive, with those 
of the wrought aluminium ailoys. 
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Resistance to Fatigue. 


Before leaving the subject of the mechanical properties 
of the magnesium alloys, it seems desirable to make some 
reference to their resistance to fatigue and also to the 
properties of the alloys at elevated temperatures. Once 
again it seems most desirable to refer to the properties 
of the aluminium alloys as a comparison, and in Table XV. 
are given the fatigue values at room temperatures of various 
wrought alloys of aluminium and of typical magnesium 
alloys. 

In giving figures for the properties of these alloys at high 
temperatures, it is difficult to avoid criticism as to the basis 
of choice. For simple comparisons “ quick tests” have 
been chosen, and the values quoted in Table XVI may be 
taken as a fair representation of the strength of the chosen 
materials when tested in this way. As before, the values 
for aluminium alloys are given alongside those for the 
magnesium alloy. 

This brief information gives an indication of the present 
position regarding the mechanical properties possessed by 
the alloys of magnesium in various conditions, and it is 
clear from these particulars that in both t..e cast furm and 
wrought form Magnesium alloys possess properties which 
render the materials very useful indeed to the aeronautical 
engineer. 




















TABLE XV. 
FATIGUE LIMITS OF WROUGHT ALUMINIUM AND MAGNESIUM ALLOYS 
con OEHLER VALUES—20 MILLION REVERSAL » 
Pure Magnesium,| Elektron AZM, Duralumin B, Duralumin F, RR56, 
Tons/In.2 | Tons /In.? ‘ons | in.* _Tons/In. | Tons /In.? 
4-46 + 8-9 +9°5 | +11-5 +10-7 
TABLE XVL. 
TENSILE STRENGTHS AT ELEVATED TEMPERATURES 7” WROUGHT 
ALLOYS OF ALUMINIUM AND MAGNESIUY 
— er sees ana ioatmcnareamen 
Temperature ° C.| Elektron Duralumin. Y¥ Alloy. 
of Test. AZ855. Maximum Stress, Maximum Stress, | RR5S6. 
Tons /8q. In. Tons /8q. In. | 
- 200 20-0 25-0 27-0 
100 16°5 23-5 24-0 
150 13-7 | | 22-5 22-5 
200 | 12-0 21-5 21-0 
250 | 6-0 | 21-0 20-5 
300 one | | 16°5 15-0 
350 | — 13-0 10-0 
TABLE XVIL. 
RATIO OF MODULUS OF ELASTICITY TO DENSITY OF IRON ALUMINIUM 
AND MAGNESIUM. 
- = - —— a tase 
Material. | Elastic Modulus, Density. | Elasticity / 
Tons /Sq. In. Density. 
on er aa 12,500 8-00 |. 1562-5 
Aluminium vk wm 4,460 2-70 | 1651-8 
Magnesium + 2 =< we 2,680 | 1-74 | 1655-1 


By no process of alloying is it possible to alter in any 
very useful degree the rather low value of Young’s modulus 
possessed by magnesium and its alloys, and it is rather a 
noteworthy fact that the ratio of density to elastic modulus 
is approximately the same for magnesium and its alloys 
as it is for the other two basic engineering metals—namely, 
iron and aluminium. The figures in question are shown 
in Table XVII. 

Mechanical properties, important though they be, do not, 
however, exhaust the interest of the aeronautical engineer 
in any given metal, and there are certain other character- 
istics of the magnesium materials which demand some 
attention. The two properties in particular which need 
most examination are :— 

(a) The possibilities of welding the alloys, and 

(6) The resistance of the materials against corrosion, 

With reference to the former, it has now been established 
definitely that when once the necessary technique has been 
acquired the production of welds in magnesium alloys, 
particularly in those which contain but low proportions of 
secondary elements, can be effected with just as much 
regularity and satisfaction as is possible with aluminium. 
The main requisites for producing a satisfactory weld i in 
magnesium aloys may usefully be summarised. 
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Welding Magnesium Alloys. 

The first essential is a skilled welder, and one trained 
rather in the welding of aluminium and its alloys than in 
the welding of steel. The process almost invariably 
employed in the welding of elektron is the oxy-acetylene 
process, and consequently the second essentials are the use 
of the right flux and the right welding rod. Fortunately, 
both these requisites are standardised and commercially 
available. It is only necessary to specify the composition 
and form of the alloy it is required to weld. 

Before welding castings it is necessary to preheat them 
to a temperature of 250/300° C., the latter figure repre- 
senting the absolute maximum. After this preheating, 
the welds should be prepared as for other metals by bevelling 
the edges to be joined, in a suitable manner. The welding 
is then carried out as for aluminium alloys, except that it is 
of first importance during the welding process to eliminate 
all flux from beneath and within the added metal. The 
finishing layers of the weld always contain a certain amount 
of occluded flux, and therefore at least a quarter of an inch 
of surplus weld should be made so that these flux inclusions 
are completely removed during the subsequently fettling 
process. Where possible, the welded joints should be 
annealed. 

The “ after-treatment ” of welds is of great importance. 
When the weld has been fettled, it should be washed and 
scrubbed with a wire brush in a bath of hot water containing 
15°, of potassium bichromate. After this treatment it 
should be rinsed and immersed for 1 min. in a 15% nitric 
acid bath to which has been added a small proportion of 
potassium dichromate. 


Resistance against Corrosion. 


In all probability, the subject of the resistance of the 
magnesium alloys to corrosion is the most interesting of all 
to the aeronautical engineer, and it is most important to 
determine the exact situation. It should be realised at the 
start that magnesium and its alloys are definitely more 
prone to suffer from corrosion by atmospheric moisture or 
saline solutions than are the alloys of aluminium. On the 
other hand, magnesium is able to offer a much greater 
resistance even than aluminium to the effect of certain types 
of corrosive reagent. As a particular example, magnesium 
and its alloys resist alkalies exceedingly powerfully and 
almost indefinitely, whereas under the same circumstances 
aluminium is attacked at a great rate. 

In thinking of the corrosion resistance of any metal, one 
hears far more about the failures than the successes, and 
the magnesium alloys suffer to-day from a reputation earned 
in the early days when much less was known than is known 
to-day about their constitutional stability and the precise 
effects of added elements upon the dependent corrosion 
resistance. The modern magnesium alloys are now metal- 
lurgically more perfect and more stable than was possible 
hitherto, and metallurgists have learned how to protect 
them. The two factors have combined to alter altogether 
the situation regarding the corrosion of magnesium alloys. 

Cast elektron has the advantage in corrosion resistance 
over wrought elektron that all castings have over all 
wrought products in any material. The actual cast skin is 
itself a protective film of great durability, and elektron 
castings, even when unprotected, are definitely more 
resistant to atmospheric corrosion than many of the 
established and widely used cast aluminium alloys. Methods 
of protection are therefore better stated in terms of wrought 
alloys, which, in most cases, are robbed of their natural 
high temperature oxide film by the working processes 
essential for their production. 


The Protection of Wrought Magnesium Alloys. 

Since for aeronautical purposes the acceptable standard 
of corrosion resistance is set exceedingly high, the question 
with magnesium and its alloys becomes definitely one of 
how best to protect them. This problem has been tackled 
in various ways, but essentially when viewed through 
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aeronautical spectacles all the methods which have been 
devised are really intended to create on the surface of the 
magnesium alloy a layer (which is both very adherent and 
as free as possible from porosity) on to which paint or 
varnish can satisfactorily be applied. Probably the oldest 
method which can be regarded as at all satisfactory is that 
of chromating as developed by I.G. Farbenindustrie 
Aktiengesellschaft. 

A development of the chromating process has been 
worked out by Mr. Sutton of the R.A.E., and this modifica- 
tion provides a finish which is in itself more attractive 
than that provided by the chromating dip. The most 
important details of this modified process are as follows :— 

The parts are first pickled in 10°%, nitric-acid solution, 
and, after washing in running water, are placed immediately 
in the following bath, which is maintained at a temperature 
of 95° to 100° C. 

1-5% potassium sium | 
1-0% a alum in water. 
0-5%, caustic soda 

The time of immersion may be from | to 10 hours, depend- 
ing upon the mass of the charge and the alloy of which it is 
composed. The process gives to elektron alloys a delightful 
patina, varying in colour from “field grey ”’ to the richest 
ebony. Although it takes a good deal longer than the 
chromating process given above, it has a very useful 
advantage over the former process, in that it can be applied 
to highly finished and ground parts without causing any 
appreciable dimensional change. 

A good deal of work has recently been carried out by 
Dr. Bengough in the development of a protective coating 
based upon the use of metallic selenium. It is found that 
if a magnesium alloy is dipped at atmospheric in a solution 
consisting of a 10°, solution of selenious acid in water to 
which has been added from 0.1 to 0.5°%, of sodium chloride, 
the alloy becomes coated with a layer of metallic selenium. 
Against certain reagents, the selenium coating itself 
presents satisfactory resistance to corrosion, but it is not 
really valuable against very active conditions, such as 
marine atmospheres. Like the chromates, however, it 
provides a basis for the attachment of paints and varnishes, 
which is probably the most that can really be claimed for 
the two previous methods described. 

Regarding one of the many applications of magnesium 
alloys—that for air-screws—in comparison with aluminium 
alloys for a similar purpose, the best magnesium alloys when 
cast have a superior ratio of mechanical strength to specific 
gravity than the alloys of aluminium. When wrought, the 
two series are about equal to one another judged on this 
same basis, but in both the cast and wrought states the 
magnesium alloys are inferior in elastic modulus. The 
magnesium alloys of high mechanical strength have the 
advantage of being weldable in a far greater measure than 
the aluminium alloys, and it is now possible to protect the 
magnesium alloys against corrosion to an extent that makes 
them satisfactory for reasonable service. 





Aluminium Melting Losses 
(Continued from page 42.) 


mould casting, it is standard practice to make up the alloys 
in an alloying furnace and run them into small pigs. The 
prepared alloys are then remelted for casting. In _ per- 
manent-mould casting practice small iron pots fired by gas 
are preferred for melting the alloys prior to casting. 

In the smelting of aluminium and light aluminium alloy 
borings, scrap, and dross, practice is not standardised, and 
several different types of furnaces are employed com- 
mercially. For smelting borings and other light scraps 
for the production of ** casting aluminium,” and in making 
secondary aluminium alloys, the following types of furnaces 
are employed commercially : Stationary iron-pot furnaces, 
reverberatory furnaces, pit furnaces, and open-flame 
tilting-and-rotating furnaces. 
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Oxygen in Cast Iron 


By W. F. Chubb, B.Sc. 
Agents for Deoxidation 


Cleanliness is one of the most important qualities required of metals and alloys intended for 
high duty conditions and in this article various cleansing agents which produce bene- 
ficial results are briefly discussed. 


UCH time and work have been devoted not only 

in the laboratory, but more particularly in the 

foundry, to devising means of reducing as far 
as possible, if not eliminating completely, oxygen from cast 
iron, and also for the purpose of preventing the formation 
of blow-holes and unsoundness arising from the liberation 
of gases generally during solidification. The treatments 
devised have so far met with varying degrees of success, 
but they may for convenience in discussion be divided into 
two main classes, according to the nature of the agent 
employed. Firstly, non-metallic agents, such as fluorspar 
and soda-ash, may serve the double purpose of reducing 
sulphur content and removing occluded gases, and it is 
noteworthy that in treatments such as these reduction ot 
both elements should occur simultaneously, for at first 
sight no clearly defined relationship appears to exist between 
oxygen and sulphur contents. Reduction of sulphur 
content would, however, serve as a means of freeing 
additional manganese, itself a serviceable deoxidant, and 
in this way effect a partial and indirect elimination. of 
oxygen. Of the reactions involved in the uses of fluorspar 
mention need not be made here, but the action ot soda-ash, 
the uses of which have been so widely expounded by 
Mr. N. L. Evans recently, would appear to offer ready 
means towards this most desirable end. In his recent 
paper, Mr. Evans lays claim for soda-ash treatment to all 
the theoretical benefits accruing by reduction in both 
sulphur and oxygen, but the author would refrain from 
comment if for no other reason than that he has had no 
opportunity of experimenting himself along these lines. 
Experiments, however, conducted more than two years ago, 
using spent cyanide from heat-treatment pots, indicated 
that when sodium carbonate and cyanide mixtures were 
introduced into the cupola in briquette form a very fluid 
slag with limestone was produced. Careful check had to be 
kept, however, upon cyanide content, for it was observed 
that, despite its rapid decomposition to carbonate at the 
temperature of fluxing, it caused serious disintegration of the 
lining if present in amounts greater than about 10%. 
This tendency could be retarded by proper additions of 
limestone, to produce a less fluid flux. Experiments were 
at the same time conducted for observing the influence 
upon the physical and mechanical properties of the 
resultant iron, but additions to the ladle, as advocated by 
Mr. Evans, could not be made owing to the working 
conditions of the foundry, for only a minute or two was 
available for the completion of reactions before pouring 
into the moulds. Regarding the influence of spent cyanide 
when added to the customary charge, the experiments did 
show, nevertheless, striking similarity to those reported 
in recent discussions of this subject. Not only was graphite 
more finely divided, but the resulting iron was of close 
texture, giving considerable improvement in mechanical 
properties. As an aid, therefore, to the production of 
sound castings, treatment by soda-ash or spent cyanide 
is of considerable value. Quite apart from the improve- 
ments in physical properties which undoubtedly results from 
this treatment, it is claimed that a real economic advantage 
is also conveyed in that the proportions of foundry scrap and 
steel scrap normally added can be very largely increased. 
It would appear, however, that the results obtainable are 
dependent, at least to some extent, upon the quality of the 
coke used in both the charge and the bed of the cupola, 


Hence, the present author feels that the statement of 
Mr. Evans that cheaper coke may be used as an indirect 
benefit resulting from soda-ash treatment is a claim for 
which the record of test results would be of special interest 
to foundrymen. 

These methods for the deoxidation of cast iron may be 
described as non-metallic treatments, but by far the 
greatest number of methods available are those employing 
the known affinity of various metals for oxygen. Most 
metals, indeed, have this strong affinity, and even such 
volatile ones as tin and bismuth have in their turn been 
used for the partial removal of dissolved or occluded gases, 
sometimes with beneficial results. 


Bismuth and Boron 

Few references are to be found in the technical literature 
relative to the influence of boron on cast iron, but the 
indications are that by preventing the formation of graphite 
and thus favouring the retention of carbon in the combined 
form, boron has a marked influence upon such properties 
as hardness and machinability. It is stated that a per- 
centage of boron as low as 0-4 will render the metal 
difficult to machine, while with 0-8°% it becomes definitely 
brittle. The only other recorded statements relate to 
increased shrinkage resulting from its addition. 

Many attempts have been made to employ bismuth as a 
deoxidant, taking advantage of the known volatility of its 
trioxide. With additions up to 2% beneficial results have 
been obtained by many experimenters, for bismuth melts 
at once in the crucible or cupola and gives rise to copious 
fumes of its trioxide. Its general effects appear to be both 
as a deoxidant and as a softener, thus causing a certain 
lowering in the tensile properties and in Brinell hardness—- 
accompanied by an improvement in machining properties 
regardless of the hardness numeral. 


Aluminium 

As might be expected in the case of such a well-known 
deoxidising agent as aluminium, its use for this purpose 
and fer general degasification has been frequently urged 
despite its recognised propensity for producing abnormal 
conditions in the carbide constituents of the low carbon 
alloys. In cast iron its action is that of a softener, for it has 
the effect of breaking up carbides, with the resultant for- 
mation of graphite, but by comparison with silicon its 
power of bringing about graphitisation is not nearly as 
great. With a content as low as 0-1% this softening action 
is already noticeable. and it continues up to 0-5%. Above 
this percentage, however aluminium causes a general 
decrease in graphite content. As turther evidence ot its 
graphitising tendency, it may be recalled that~additions 
of aluminium to white cast iron render this material grey 
in fracture, and have the further effect of decreasing chill 
and increasing fluidity in the molten condition. In the 
ladle or crucible a film of oxide frequently forms on the 
metal, thus protecting it against further oxidation, but 
some of this oxide may unavoidably be carried to the 
mould and give rise to surface irregularities in the castings. 
In addition, one very important surface effect has been 
noticed, and that lies in the greater general cleanliness 
of aluminium-treated castings, but trouble may arise 
during the inevitable evolution of occluded gas, and honey- 
combed structures not infrequently occur. As to its 
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influence upon mechanical properties, these may be 
anticipated readily from its graphitising tendency, while 
as regards other physical properties it may be mentioned 
that coercive force and hysteresis loss show definite increases 
in value with additions of aluminium to iron. At the same 
time, magnetic induction, permeability, and the prceperty 
of residual magnetism are all reduced. From these measured 
influences one might be led to infer that in cast iron the 
aluminium passes into solid solution form, but metal- 
lographic investigations show rather that it is present 
more probably as the compound Al,Fe, in solution. Having 
regard then to all the evidence available, it is clear that if 
used as a deoxidant, aluminium should preferably not be 
added in amounts greater than about 0-1%,. 


Titanium 

Of all the metals suggested or tried as deoxidising agents 
for ferrous alloys, titanium has probably received the most 
attention, both from the theoretical and from the practical 
standpoints. The practice in regard to cast iron follows 
closely that of steels, for titanium has one property of 
outstanding advantage to the practical foundryman, in 
that it does not remain in the metal, but passes to the slag. 
For this reason it may be conveniently added to the ladle 
as ferro-titanium, containing approximately carbon 7-5%, 
and titanium 15%. In its action upon cast iron not only 
is it an efficient deoxidiser, but it very largely effects 
removal of other gases, particularly nitrogen, thus con- 
veying increases in both mechanical strength and toughness, 
and in addition brings about a certain refinement of the 
graphite. Its action as a deoxidant is confirmed by its 
reduction in the growth of castings, but although many 
advantages may accrue by its use it cannot be claimed 
that titanium has found general favour as a deoxidiser. 


Vanadium and Zirconium 
Of other metallic deoxidising agents which may be 
mentioned perhaps only vanadium and zirconium have 
attracted much attention, and both these elements are 
effective in removal of oxygen and also nitrogen from 
molten iron, the former acting upon the carbides as well 
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as going into solution with ferrite. Its action is therefore 
similar to that upon the steel melt, in that it is one primarily 
of scavenging. As little as 0-2°%, of vanadium added as 
ferro-vanadium produces a big increase in mechanical 
strength, frequently reported as high as 50%, and is 
accompanied by good deflection and also general refine- 
ment of grain. In addition to these influences, it has been 
observed by many experimenters that better wear resistance 
results from its use, and, indeed, vanadium cast irons are 
stated to be in regular use in many components where this 
property is of outstanding importance. 

With regard to zirconium, this metal has an influence 
similar to that of vanadium, but is hardly as pronounced. 
This will be apparent when it is observed that 0-15%, 
of zirconium addition results in a strength increase of only 
10%. At the same time, little influence on shrinkage and 
fluidity has been reported. 


Miscellaneous Deoxidants 

Of the other metallic deoxidants which have either been 
used to some extent or suggested for use, only calcium and 
cerium may be regarded as important. Of these two, 
calcium in the form of silicide has received some attention, 
more particularly in the United States, and although acting 
as an efficient deoxidiser, it has been found to convey little 
influence upon tensility, transverse strength, or upon 
fluidity and shrinkage, at least up to 0-2%. The case ot 
cerium is, however, different, for only 0-15°% will produce 
an increase of about 18% in transverse strength, accom- 
panied by a better deflection. In addition, the melt is 
reported to be more fluid, but it has little or no effect as a 
cleanser. 

Magnesium is stated by some authorities to possess 
possibilities as a deoxidising agent, although its effect 
upon physical and mechanical properties is not important, 
apart from its known tendency to harden the metal. 

The uses of metals, such as nickel, chromium, copper, 
lead, cobalt, and molybdenum, need no consideration for 
the purposes of these articles, since they have no deoxidising 
tendencies. 





Slag-resisting Crucibles for the Coreless 
Induction Furnaces 


DvuRABLE rammed-up crucibles are obtained when the 
refractory material is used in different gradings, part being 
in powder form. The finely ground material is mixed with 
a suitable bond, which gives the necessary dry strength 
and facilitates sintering. For magnesite crucibles, the 
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Fig. |.—Some recommendations to reduce the effect of 
slag on crucibles. 


bonding material consists of slaked lime, fireclay, blast- 
furnace slag, luting sand, and the like. When an alkali 
slag is used for refining purposes, the magnesite crucibles 
are heavily attacked in the slag line. By using a bond 
which contains no silica and reducing the quantity used 
to a minimum, the attack in the slag line can be stopped, 
but another defect appears, in that the crucibles show large 
eroded zones in the bottom part. As H. Siegel states in the 


July issue of Archiv fur das Eisenhuttenwesen, this is due 
to the fact that in crucibles which are not attacked in the 
slag line, by the heavy motion of the bath the slag is drawn 
downwards between the crucible wall and the molten 
bath, causing erosions in the bottom part. By the attack 
in the slag line an annular groove is formed in the crucible 
wall (see Fig. la) in which the molten bath is nearly at rest, 
and thereby the slag is kept on the surface of the bath. 
Another means for achieving this is, after melting down, to 
switch off the top part of the induction coil which projects 
over the surface of the bath. In this case the entire bath 
surface is at rest. By using the latter means satisfactory 
results were obtained with magnesite crucibles bonded with 
3% of CaO (used as slaked lime) and 0-5% of fireclay. 

To increase the life of the crucibles further experiments 
were made with Siemensite as refractory material. Siemen- 
site consists ot spinels of the composition FeO (AI,Os, 
Cr,O3) and MgO (Al,O5, Cr,03), and a silica bond. It is 
melted in the are furnace, and at over 2,000° C. cast in 
bricks, which give excellent service in the open-hearth 
furnace. The crucibles, however, which were rammed-up 
of crushed and ground Siemensite bonded with lime and 
fireclay, were attacked by the alkali slag in the same degree 
as magnesite crucibles. To use the Siemensite in the as-cast 
state, a ring consisting of several plates ground to shape was 
inserted in a rammed-up magnesite crucible off the slag 
line, as shown in Fig. lb. This crucible gave good results. 
The magnesite material in front of the Siemensite ring was 
consumed by the slag, the groove thus formed prevented 
the slag from being drawn downwards, and the Siemensite 
ring stopped the further attack of the slag. The bond 
used consisted of 10% of lime and 2% of fireclay. For 
large crucibles used in practical service a Siemensite ring 
of the form shown in Fig. le is suggested. 
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Some Recent Inventions. 


The date given at the end of an abridgment is the date of 
the acceptance of the complete Specification. Copies of Speci- 
fications may be obtained at the Patent Office, Sale Branch, 
25, Southampton Buildings, London, W.C. 2, at 1/— each. 


Heat-Treatment Furnaces. 


A continuous furnace has recently been designed which 
provides for the heat-treatment of metal sheets and 
castings, by which the production of the usual blue scale 
due to oxidation is claimed to be partially or wholly 
prevented and the sheet or casting issues from the heat- 
treatment in a clean and more or less bright condition. 
The furnace comprises a heating and a cooling chamber, 
and it provides facilities for cooling the burnt gases from 
the heating chamber so that they can be introduced into the 
cooling chamber. A feature of this furnace is the provision 
made to control the temperature to which the gases are 
cooled before they are introduced into the cooling chamber. 

One form of furnace to this design is applied particularly 





Fig. 1.—Sectional elevation of cooling end of furnace. 


to the heat-treatment of tin plates and has a continuous 
conveyer extending through the heating and _ cooling 
chamber. A connection is taken from a point just within 
the cooling chamber to conduct gases to a cooling appara- 
tus, which may be of any usual form. The air or water 
delivered to the cooling apparatus is controlled so that the 
temperature of the gases delivered from it may be con- 
trolled as desired. The arrangement is such that burnt 
gases are withdrawn from the 
furnace at a point where no 
oxygen is included, and it thus 
provides a non-oxidising atmo- 
sphere when introduced into 
the cooling chamber of the 
furnace. 

A longitudinal sectional ele- 
vation of the cooling end of 
this furnace is shown in Fig. 1, 
the heating chamber of which 
is shown at A and the cooling 
chamber at B. Waste gases 
are drawn from the furnace 
at E, cooled to any desired 
temperature in an apparatus 
F, and reintroduced by a 
fan at H at points K and L adjacent to the junction of the 
heating and cooling chambers. The cooled gases delivered 
at K are preferably directed downwards on to the articles, 
while those entering at L pass upwards through the con- 
veyor D. An additional supply of waste gases is drawn 
by the fan H through a pipe O into the cooler F from a 
point P located towards the cooler end of the chamber B, 
a valve in the withdrawal conduit E being so set that’ the 
amount of gases withdrawn at E is only sufficient to make 
good leakage losses. 

To prevent entry of air through the outlet end C of the 
cooling chamber, a portion of the cooled gases is delivered 
through a pipe M to nozzles near the end C, which are 
arranged above and below the conveyer. The cooler com- 
prises a chamber F fitted with a vertical baffle J, in Fig. 2, 
and pipes G, through which the cooling medium is passed, 
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an outlet being provided for the removal of the condensed 
moisture. 

It will be noted that cooled gases are introduced into 
the cooling chamber at a locality at the entrance to the 
cooling chamber and immediately adjacent to the heating 
chamber. Thus metallic articles which may have been 
heated in the furnace to beyond a particular or critical 
point, for example, 950° C., may be reduced in temperature 
more or less suddenly to below the said point by the action 
of a current of relatively cool gases—for example, by 
100° C. By such means the structure of the metal of the 
article may be controlled. After such sudden cooling the 
article is cooled slowly in passing through the cooling 
chamber. 

390,570. WELLMAN SMITH OWEN ENGINEERING CoRPORA- 

TIoN, Lrp., and A. W. Oattvy-Wess, Victoria Station 
House, Victoria Street, London. April 13, 1933. 


Reduction of Zinc Ores. 
In the reduction of zinciferous material by progressively 
conveying in a mechanically undisturbed layer a porous 
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Fig. 2.—Cooler for cooling waste gases. 
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charge of agglomerates or briquettes of zinc material and 
reducing agent through a horizontal furnace, heated 
externally from above the reducing chamber, the shape- 
retaining qualities of the briquettes tend to prevent the 
access of heat to the interior of the briquettes. An improved 
method is proposed by which uncompacted zinciferous oxide 
and carboniferous reduction material is treated as an 
extended mechanically undisturbed layer, and heat ig 
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Fig. 1.—Furnace 
chamber for reduc- 
tion of zinc ores. 
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Fig. 2.—Showing feeding arrangement. 


applied uniformly throughout the surface of the layer by 
radiation alone, the thickness of the layer being governed 
by the gangue content of the oxide and proportion of 
reduction material in the mixture, and being such that the 
residue accumulated during the recovery of the zine will 
not substantially impair the transfer of heat in the layer. 

The constituents of the mixture are of suitable pro- 
portions, so that the layer wastes away at its heat-exposed 
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surface, thus presenting fresh material to the incident 
radiant heat. Suitable apparatus for carrying out the 
improvement include heating means, means for supporting 
the layer to be treated, feeding means, arrangements for 
removing the accumulating residue, condensing the 
vapours and collecting the metal. 


When the crude oxide is substantially free of gangue 
and the reduction material is in theoretical proportion, 
the thickness of the layer may be about 4in., and this 
thickness is decreased with increasing content of gangue 
and proportion of reduction material. The charge is pre- 
ferably treated on an annular travelling hearth, and the 
residue may be removed continuously, or the accumulated 
residue of a number of layers may be removed at intervals. 
In the furnace shown (Fig 1) the chamber formed between 
the annular rotary hearth A and a roof formed by plates or 
slabs B of carborundum supported on silica blocks C, is 
sealed by chrome-iron alloy apron plates D dipping into 
sand supplied from a hopper E, Fig. 2, and the depth of the 
layer is determined by a sliding door F, which can be 
adjusted by a rack and pinion actuated from the hand- 
wheel G through a chain. The residue is scraped from the 
hearth by a vertically adjustable plough H. The volatile 
products of distillation pass through ports M into an 
annular condenser formed by plates P, R projecting from 
the outer wall of the furnace. Baffles 8S are fitted between 
the plates and the condensed metal troughs L. Heating is 
effected by the combustion of gas and air in the chamber 
above the slabs B, the air being supplied from mains T 
through hollow buckstays O. The charge drains into a 
channel X, and thence into collecting-pots. The hearth 
may be rotated during charging and discharging only, the 
heating of the charge being effected while the hearth is 
stationary. 

394,682. W. A. Oaa, Newton, Massachusetts, U.S.A. 

June 28, 1933. 


New Anti-Rust Process. 


Many methods and processes have been developed in 
an effort to reduce the waste resulting from the surface 
oxidation of iron and steel products ; each has particular 
merits, and is applied within certain limits. Another process 
has recently been developed which is claimed to preserve 
ferrous articles against rust whether the products be large 
or small ; it is known as the Coslett anti-rust process, and 
is termed “ Coslettizing.”” ‘The process is claimed to be 
simple yet efficient, and suitable for the treatment of all 
articles of steel and iron. It is being applied to a wide 
range of products, including tools of all kinds, small arms, 
gun components, wrought-iron work, motor parts, cycle and 
cycle accessories, typewriters, locks, etc. 

The articles are treated by immersion in a solution after 
being thoroughly cleaned. The solution is maintained at 
boiling point until-the operation is complete; usually the 
time does not exceed 10 mins. After the immersion the 
articles are rinsed in hot water and dried in a stove at a 
temperature of about 200° or 300° F. The process deposits 
a hard layer of phosphate of iron, which is rust-proof, and 
produces a matt black finish. A brilliant jet-black finish 
or a deep matt black finish can be produced on Coslettized 
surfaces by the application of a carbon compound, and 
placing in a stove at a moderate heat for a few hours. 

The process has the merit. of being economical as well as 
simple and efficient. The cost of chemicals for the solution 
is very small. Thus, for instance, a vat of, say, 400 to 
500 gals. capacity in full activity costs from 2s. 6d. to 
3s. 6d. daily for chemicals, and no other charges are 
incurred excepting that of heating and labour. The process 
is ingenious and yields excellent results, producing rust- 
proof surtaces that are durable, and steel and iren samples 
are treated free of charge to those interested. The process 
is worked under licence, full particulars of which may be 
obtained from the Coslett Anti-Rust Syndicate, Ltd., 
Vittoria Street, Birmingham. 
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Light-weight, High-speed Passenger Trains. 
THE keen competition in passenger transportation ex- 
perience in this country is also experienced in the United 
States of America, where the railroad companies have 
suffered a considerable reduction in passenger business. In 
America the Union Pacific Railroad Co. is attempting to 
solve this problem by the development of light-weight, 
high-speed trains, which can be operated at a minimum 
cost. According to E. E. Adams, in the current issue of 
Mechanical Engineering, a three-car train of this character 
is nearing completion, which consists of a forward car 
containing the power plant, a 33-ft. mail apartment, and a 
small luggage room ; a second car, which is a coach, seating 
60 passengers, and a rear car, also a coach, seating 56 
passengers, with a buffet in the rear for serving light meals. 

In order to obtain extreme light weight, the choice of 
materials narrowed down to aluminium alloys versus stain- 
less steel. It was finally decided to use aluminium alloys 
for the entire car structure, except for the bolsters, articula- 
tion castings, and truck frames, for which purpose there 
was used a special alloy cast steel having high tensile 
strength, high yield-point, and great ductility. The net 
result is an estimated weight of 160,000 lb. for the three- 
car train. 

A number of factors led to the adoption for this particular 
development of the aluminium alloys as against special 
alloy steels, but it should not be inferred that it is believed 
that aluminium alloys will be the one material suitable 
for such construction. The development of aluminium 
alloys has been the object of some very progressive research 
work as applied to new methods of car construction, the 
most interesting being the use of extruded metal shapes to 
take the place of the ordinary rolled shapes and pressings. 
The producers of aluminium have co-operated with the 
car-builders and have been able to produce all of the 
desired shapes as outlined by the car designer with a 
relatively small outlay for dies, and such shapes are so 
accurate in dimensions that the designer is able to interlock 
various extruded-metal sections or shapes to produce cars 
of a minimum weight, maximum strength, and minimum 
deflection with simple shop fabrication. 

Aluminium plates can also be readily formed for the 
curved surfaces used in connection with streamlining. 
Aluminium can be readily riveted and spot-welded without 
injury to the material. All of these factors contributed 
to the selection of aluminium for this first development. 
It is believed that a great deal of development work will 
be done in connection with the use of high alloy steels, 
with the result that there will be strong competition 
between different materials in connection with producing the 
eventual light-weight passenger-carrying equipment. 


Andrew Carnegie Research Fund. 


The Council of the Iron and Steel Institute are prepared 
to make annually a limited number of grants from the Research 
Fund founded by the late Mr. Andrew Carnegie in aid of 
metallurgical research work. The object of the scheme is not 
to facilitate ordinary collegiate studies, but to enable students, 
who have passed through a college curriculum or have been 
trained in industrial establishments, to conduct researches on 
problems of practical and scientific importance relating to the 
metallurgy of iron and steel and allied subjects. Candidates, 
who must be under 35 years of age, must apply before the end 
of next February on a special form to be obtained from the 
secretary of the Institute. 

The value of the grant will depend on the nature of the 
proposed research work, but the maximum amount granted 
in any one year will, as a rule, not exceed £100. The payment 
of the grant will be made in four equal instalments, the first 
payable on the announcement of the award, and the following 
two subject to receiving a report on the progress of the work, 
either from the candidate or from his referees. The final 
instalment will not be paid until a considered report has been 
received, the maximum time allowed to condidates being two 
years from the date of the first announcement of the award. 
The Council may, at their discretion, award a further grant 
in aid of any particular research work which seems to them 
sufficiently meritorious to justify further assistance. 





., np BE ak akan el le CO 


~ e: -n.  ,  e e e 


od 

















DECEMBER, 1933. 


Reviews of Current Literature. 
The Principles of Metallurgy. 


PRIMARILY, metallurgy is the art of extracting metals 
from their ores, refining them, and adopting them for use 
in manufactures, and the work of the metallurgist was 
formerly confined between certain well-defined limits, 
commencing where mining finished and ending where the 
manufacturer made use of the crude pig or ingot of metal 
supplied. For many years, however, the sphere of the 
metallurgist has been gradually increasing, and it is due 
to his influence on the industrial uses of metals that such 
remarkable progress has been made in recent years. While 
it is recognised that the metallurgist is essentially a 
chemist, it is appreciated that the physical properties of a 
metal are as important as its chemical composition, and to 
extract metals profitably complex mechanical devices are 
essential. The complexity of the combination of physical, 
mechanical, and chemical processes which is demanded of a 
given metal for a particular use is striking, as is also the 
realisation of the quantity of metal which is used for each 
purpose, and its economic value. The scope of the metal- 
lurgist is therefore very comprehensive, and with the 
gradual development of metallurgical practice his duties 
are becoming increasingly complex. 

As the authors of this book point out, the problem of 
metallurgical practice is not to maintain present standards, 
but constantly to develop newer and better ones. Many 
technical problems in the generation or utilisation of power, 
in electro-technology, in air transportation, and in the 
chemical industries, have been solved from the engineering 
angle up to the point of obtaining a metallic material with 
the necessary properties demanded by the new service. 
Each development in metallurgy releases new possibilities 
in industry at large. Everything depends upon the quality 
and quantity which the metal industry is able to deliver, 
how well the most suitable metal is chosen for each purpose, 
how it is treated and improved ; in other words, how the 
metal is controlled. Its control, however, is only possible 
on a scientific basis—that is, upon scientific metallurgy. 
This science of metallurgy is gradually developing out of 
the art of metallurgy of the past, and in the end it will 
liberate metallurgy from the waste of time and money 
which almost invariably attends empirical methods. 

In this book the authors have discussed metallurgy 
under three main headings—namely, materials consumed 
in metallurgy, extractive processes and apparatus, and 
physical metallurgy. This method and the manner in 
which the text has been prepared have been adopted in 
order that the book will fulfil two functions, give the 
engineering student who does not intend to take up 
metallurgy as a life work a general view of the subject, and 
yet give the student whose purpose it is to become a 
metallurgist a proper foundation for his vocation. The 
authors have endeavoured to make the text simple enough 
to be used in the way suggested without a sacrifice of 
accuracy, and they indicate that metallurgy is not a rigid 
science, but is an art based on economies in which profit 
rather than perfection is the aim. 

Although the first two parts of the book, covering the 
materials used in metallurgy and the extraction processes 
and apparatus, are of fundamental importance in metal 
economy, and in the quality of metal obtainable, relatively 
few seek to be informed in detail concerning them. In 
the metal fabricating and manufacturing industries, on the 


contrary, where a very much larger number of persons are: 


engaged, a large number will be interested in the properties 
and treatment of the metals already extracted and in the 
nature and behaviour of the metals under the influence of 
the operations which they perform upon them. Con- 
siderable assistance is, therefore, given in the section on 
physical metallurgy, in which the authors explain the basic 
nature of metallic substances and their properties in 
general, rather than to describe certain metals and alloys 
which are to-day found in most common use. It will be 
recognised, therefore, that this book has a much wider 
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application than solely for students. It will be found of 
great value to the practical metallurgist whether in industry 
or in the “ field,” and the consultant will appreciate it as a 
work of reference for basic data. The text, in particular, is 
admirably prepared, and is furnished with a useful index. 
The book contains 626 pages, and is well bound. 
By D. M. Lippett and G. A. Doan. Published by 
McGraw-Hill Book Company, Inc., Aldwych House, 
London, W.C.2. Price 30s. net. 


Steel-Makers. 

By comparison with the book referred to in the above 
review, this book is rather revolutionary, but it is most 
enjoyable to read, and many will find it fascinating, whether 
they agree with the author’s opinions or not. It describes 
the art of making tool-steel, and gives an intimate impression 
of men who made and practised the art before scientific 
control of industrial processes became fashionable. Scientific 
control is, of course, only gradually developing, and while 
it may be applied to the fuel and the furnace used, the 
actual making of many steels remains an art, and the 
steel-maker continues to perform many operations in the 
processes with an uncanny accuracy, operations which he 
cannot easily explain but which his long experience has 
shown to be necessary under the same conditions of manu- 
facture. 

Although a metallurgist, the author has a very high 
respect for the skill of the steel-makers who have largely 
been responsible for the world-wide reputation gained by 
Sheffield in the manufacture of tool steels. Craftsmen 
graded the steel ingots by fracture, and the author states 
that one is apt to be suspected of exaggeration on relating 
that the carbon could be determined from the appearance 
of the fractured surface with a degree of accuracy not to be 
bettered by the analytical chemist. ““ When I was fancying 
myself as an analyst,” says the author, “ I made a collection 
of ingot ends and submitted them, whilst their fractured 
surfaces were still untarnished, to men whom I knew to be 
capable. One after another these men arranged them, 
apparently without difficulty, always in the same order of 
increasing hardness. Two of the men who had got into the 
habit of expressing themselves in terms of carbon percentage 
did so, and the figures they gave varied in no case more than 
0-03 from the carbon percentage determined in the 
laboratory. The figures determined in the laboratory were : 
0-66, 0-71, 0-78, 0-82, 0-85, 0-87, 0-90, 0-94, 0-99, 1-03, 
1-05, 1-11, and 1-12% carbon. Wonderful! you say. I 
agree.”” This is certainly a test of craftsmanship, and the 
result speaks volumes for the so-called “ rule-of-thumb ” 
methods practised which so many disparage, but those who 
have given some time to the observation of craftsmen, 
when making stee! or other materials involving high 
personal skill, appreciate that these methods are the result 
of accumulated knowledge, observation, and experience. 

There is an intimacy of personal letters in the writing of 
this book, and although it deals primarily with steel- 
makers, there is a brief chapter at the end which gives the 
author’s opinions on industrial education which should be 
read by all interested in the many branches of education. 
It emphasises “ rule-of-thumb ” methods, and is entirely 
different from what we expected from such a title, but all 
interested in the manufacture of steel, from the “ cellar- 
lads ’’ to directors, will enthuse over it, despite a certain 
provocativeness in the writing. 

By Harry Brearvtey. Published by Longmans Green 

and Co., Ltd., 39, Paternoster Row, London, E.C. 4. 
Price 5s. net. 


Crystalline Structure in Relation to Failure 
of Metals especially by Fatigue. 
THE above subject was chosen by Dr. H. J. Gough, 
F.R.S., as the basis for the 1933 Edgar Marburg 
Lecture of the American Society for Testing Materials, 
presented at a joint session of the Society and Section M 
(Engineering) of the American Association for the 
Advancement of Science. Considerable interest was 
shown in the lecture; many consider it one of the 
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outstanding contributions to a better understanding of the 
fundamental characteristics and behaviour of materials, 
especially metals, and the issue of this lecture in a special 
publication will be appreciated. 

The investigation of the mechanical properties of metals 
in relation to their crystalline structure is proving to be of 
great scientific and industrial importance. A knowledge 
of the true nature of metals, established on a sure founda- 
tion, should result, for example, in useful new alloys for the 
service of man, and appreciation of the most appropriate 
methods of their production and treatment. Much 
fundamental research is required before the physical pro- 
perties of metals can be expressed by simple laws, but a 
useful start in this direction has been made. The basic 
problem is the dependence of the strength and other 
related properties of metals on the ultimate cohesive forces 
of which so little is known at present. The plastic deforma- 
tion that normally precedes rupture is most important. As 
Dr. Gough points out, “ Already it is apparent that the 
deformation characteristics of metals under such diverse 
straining actions as static, impulsive, and repeated stressing 
are essentially similar, and that the behaviour of metals 
during industrial operations, such as rolling, drawing, 
extrusion, etc., can be correlated with the crystalline 
structure and the deformation forces. From such con- 
siderations, it is evident that the failure of metals in relation 
to the crystalline structure forms a subject of mutual 
interest to the chemist, engineer, metallurgist, and 
physicist.” 

In successive chapters he discusses the basic problem of 
failure, including the nature of the atom bend and the 
structure of solids; methods of preparation of single 
metallic crystals ; and crystal structure. Next in order 
come extensive reports on the distortion of single metallic 
crystals under simple static stressing systems; the in- 
fluence of the intercrystalline boundary upon. static 
strength and distortion ; effects of cold-working on single 
crystals and polycrystalline aggregates ; and cold-working 
in relation to crystalline structure. 

A considerable portion of the lecture, which in its 
published form aggregates 110 pages, is devoted to a 
thorough discussion of failure under repeated cycles of 
stress of “ fatigue ’’ in relation to the crystalline structure. 
This section of the lecture is based on extensive detailed 
studies of the fatigue behaviour of single crystals of typical 
metals conforming to representative lattice (aluminium and 
silver); close-packed hexagonal lattice (zinc); body- 
centered cubic lattice (alpha iron); and the face-centered 
rhombohedral lattice (antimony and bismuth). The 
influence of the intercrystailine boundary on deformation 
and fracture by fatigue ; corrosion-fatigue in relation to 
crystalline structure; and conclusions regarding the 
mechanism of fatigue failure are then detailed. The 
lecture concludes with a chapter on the comparative 
behaviour of single crystals and polycrystalline aggregates. 

The lecture constitutes a very important fundamental 
summary of our present-day knowledge of the nature of 
solid bodies, and is an especially timely one, since this is a 
field in which very little work has been done, the atomic 
physicists having confined their attention almost ex- 
clusively to gases. 

Because of the many photomicrographs of metals and 
crystals, the lecture is printed on an art paper, to bring 
out to best advantage details of the illustrations. The 
printed lecture is bound in heavy paper cover. Copies can 
be obtained from A.S.T.M. headquarters, 1315, Spruce 
Street, Philadelphia, Pa., at $1.00 each. 


Electric Furnace Co., Ltd. 


The board of the Electric Furnace Co., Ltd., has passed a 
resolution declaring interim dividends for the half-year 
ended September 30, 1933, of 34%, less income-tax, on the 
cumulative preferred ordinary shares, being at the rate of 
7% per annum, and 2}°%, less income-tax on the ordinary 


shares. Both to be paid on January 1, 1934. 
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STRUCTURAL STEEL IN THE SOVIET 
UNION. 


HE designing and erection of a series of new metal- 
lurgical plants at Verkhnaya Solda in the Urals, 
with an annual capacity of 240,000 tons, indicates 

the advances recently made by Soviet engineering in the 
handling of complex industrial structures involving large 
quantities of structural steel, stated Mr. J. C. Oblan, the 
technical director of Gipronimstalmost, the State Designing 
and Research Institute for Steel Structures, Bridges, and 
Internal Transport Mechanisation, in an interview which 
appeared in the Soviet Press. 

The Institute is attached to Soyusstalmost (Structural 
Steel Erection Trust), which undertakes entire projects 
involving high percentages of structural steel, such as open- 
hearth and blast-furnaces, gas holders, bridges, the frame- 
work of modern buildings, and similar structures. The 
Trust controls five plants, which are in Moscow, Leningrad, 
Odessa, and Sverdlovsk. These are adequately equipped 
for production on a big scale and are capable of dealing 
successfully with the construction and erection of such 
plant and equipment as is necessary in the industrial de- 
velopment in progress. Not only is the plant installed 
capable of dealing with the work already mentioned, but 
the personnel is also available. 

Placing the functions of planning and designing with the 
Trust actually in charge of the execution of the work has 
eliminated the gaps which were frequent up to 1930. At 
that time a complex industrial project involved from ten 
to fifteen organisations. At present a modern steel plant 
involves three organisations in its entire construction. One 
trust lays the foundations, and later supervises the archi- 
tectural covering. Soyusstalmost erects the structural 
steel framework, installs the cranes and lifts and the rails. 
Then follows the metallurgical trust, which finds the 
cranes and other equipment ready for its work of installing 
the furnaces and gas systems. 

“A large number of furnaces made for Soviet plants 
have been designed by our Institute,” said Mr. Oblan. 
“In the early stages of our work a 32-ton furnace repre- 
sented an achievement. The largest operating furnaces at 
present have a 150-ton capacity, but the new Azovstal 
furnaces and those at Verkhnaya Solda will have a capacity 
of 250-tons, the largest yet attempted by Soviet engineers.” 

Among the problems engaging the attention of the 
Institute is that of mechanising the Azovstal Metal Works. 
Designers are working on what will be the largest crane 
ever made in the Union with a 135 m. boom length and a 
total length of 185m. Its bucket of 30-ton capacity will 
be used to transport ores from incoming boats directly to 
the furnaces. 

A new type of bridge has been projected to supersede 
the present structures. The new model promises to give 
good effects in lessening the weight and volume of steel 
now used. What will probably be the longest bridge 
across the Volga is being designed for construction at 
Gorki. “The importance of the design,” said Mr. Oblan, 
“is evident from the fact that major economies in con- 
struction do not derive from chance suggestions at the 
point of work as much as from a proper approach to the 
designing of the structure. Modifications in design enabled 
a saving of 17,000 tons of structural steel in the construction 
of the Azovstal works, which is half the annual output of 
the Dniepropetrovsk Metal Works.” 

The designing Institute has shop-drawing units attached 
to its plants. Its consultants are sent to give advice on 
construction problems. It has worked out new standards 
for gas holders and bridges. It has designed an automotive 
crane. New peat mechanisation at the Shatura plant and a 
new system of pulverising coal have also been introduced 
through the efforts of the Institute. It has also designed 
a new arch consisting of a steel shell filled with concrete, 
which, in the opinion of Mr. Oblan, promises important 
results in bridges and columns. 
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Recent Developments in Tools 
and Equipment 


METALLURGICAL POLISHING 
MACHINE. 

T is generally appreciated that the preparation of 

metal specimens for subsequent examination in the 

metallurgical laboratory necessitates considerable care 
and the use of special machines. Usually preliminary 
preparation is effected by grinding machines, and pre- 
cautions must be taken against heating of the specimens. 
Not the least important of the mechanical treatments to 
which the specimens are subjected is the final polishing: 
this refers to the polishing machine as well as to the 
polishing medium, and the recent development of a machine 
for this purpose is noteworthy. It has been designed by a 
practical metallurgist in conjunction with the experience 
of Messrs. E. W. Jackson and Son, Ltd., of Doncaster, 
who are specialists in this class of machine, and by close 
collaboration with those interested in metallurgical re- 
search. 

Provision has been made for facilitating the fixing of 
emery papers to the polishing disc by means of a special 
device consisting of a central driving washer having a 
special locking arrangement which prevents it slacking 
back when in use, but which is easily detachable 
for fixing fresh papers. Also of special interest 
is the lid or cover for the trough. This is so 
arranged that it can be used as a stand on the 
laboratory table, supplying a clean receptacle 
for the specimens. The whole machine is hand- 
somely finished in black cellulose, and the 
tank is of polished biass, the whole making a 
very nicely finished machine which should appeal 
to the metallurgist or works chemist for 
laboratory use. 

This machine is entirely self-contained, and 
the electric motor which drives the machine 
has been built into the design and fixed in such 
a manner as to provide both strength and 
accessibility. Many improvements have been 
incorporated in the machine, and in its present 
form it can be claimed to be an ideal machine 
for the metallurgical laboratory. It is con- 
structed on robust lines, the weight of the 
revolving table being supported on a ball-thrust 
bearing of ample dimensions and mounted with every 
consideration for lubrication and the exclusion of grit and 
abrasive matter from the bearing housing. 

The revolving table is designed to carry polishing discs 
which carry the polishing cloths, the latter being fixed 
by means of spring garters which stretch the cloths securely 
in position. The method allows the cloths to be quickly 
detached. Careful consideration has been given to the 
freedom from rust particles in connection with the polishing 
unit, and the employment of non-ferrous metal or suitably 
rust-proofed parts eliminates any trouble from this cause. 
A rust-proofed trough is incorporated in the machine, 
possessing high sides to act as a splash guard when wet 
polishing is being carried out. This trough is fitted with 
both level tap and drain tap, and the bottom is dished 
towards the outside to facilitate draining and cleaning out. 
A detachable hand guard ring is fitted which is readily 
removed for renewal of the polishing disc: this guard 
also acts as a support for the hand whilst actually polishing, 
giving ample clearance between the trough sides and the 
dise to allow for easy removal. Water or other liquid is 
obtained from a drip tank, which is integral with the 
machine ; this is regulated by a drip tap, which can be 
swivelled into various positions. The tank also is adjust- 
able in height, which is very convenient when dealing 
with length specimens. 


Power is transmitted from the motor to the table by 
means of an endless woven belt which gives an exceedingly 
smooth drive. For the standard machine the speed of the 
revolving table is 1,000 r.p.m., but slight variation can be 
effected by altering the pulley rates. A great advantage 
of this machine is that it is only necessary to plug it to a 
suitable standard connection, so that it is readily removed 
from one part of the laboratory to another, and, providing 
the correct voltage and current are available, it can be 
transported for use wherever required. 

This machine has been designed with a view to placing 










A new metallurgical polishing machine built on modern machine-tool lines. 


a machine at the disposal of the metallurgist which is 
built on sound, modern machine-tool lines, and the result 
achieved is claimed to be far ahead of anything of its kind 
yet devised. In addition to laboratory use, the machine 
may be supplied for use as a small grinder, suitable for 
doing small jobs in the tool-room, where a small, light 
machine is a great saving for sizing and trueing-up small 
metal pieces. 


COKE OVEN GAS FIRING. 


In connection with the firing of steam boilers by means 
of coke oven gas and blast furnace gas efficient results can 
only be obtained by using burners of proper design. Con- 
siderable interest is therefore attached to the latest types 
of “‘Gako” turbulent burners for gas firing supplied by 
Liptak Furnace Arches, Ltd., of London (38, Victoria 
Street, S.W.1.). Reference to some of these burners has 
already been made, and it may be remembered the basic 
principle is the passage of the gas and air through the 
burner in a series of separate streams which, by the con- 
struction of the passages, are each given a whirling or 
twisting motion. As a result, an immediate efficient 
mixing is given when the respective streams impinge into 
one another, enabling combustion to be completed with a 
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short flame. No moving parts are used, and the burner is 
completely accessible by opening a hinged door, with control 
of the air admission by a regulator, while dust and grit have 
little deleterious effect. Also the air can be cold or pre- 
heated to any desired degree, and supplied by natural 
draught, or in the form of a blast. 

Various of the designs are specially intended for the 
burning of two gases at the same time, such as mixtures 
of coke-oven gas and blast-furnace gas, while others are 
combined with a coal-fired grate, so that the whole of an 
intermittent supply of gas can be utilised, the balance of 
the total heat requirements being obtained from the coal. 








. . . . ‘ 
Design of burner for the burning of coke-oven gas and } 
blast furnace gas, either s¢ parate ly or toge ther, the air 
supply being regulated by a special ** air rosette’ valve, ) 











**Gako”’ burner fitted to a ** Lancashire” 
boiler as auvilliary to hand firing. 


Notable amongst the various burners is the ‘‘ Whirling ”’ 
design of very large capacity in a restricted space, specially 
intended for the firing of relatively small combustion 
chambers, especially ‘‘ Lancashire ’’ boilers. In many cases 
gas firing is giving very bad results with steam generation 
using the latter type of boiler, the furnace flues of which 
constitute a somewhat cramped combustion chamber not 
exceeding about 3 ft. 3 in. in diameter. With these burners, 
however, and either rich or low-grade gas, 80-85%, thermal 
efficiency can be obtained without difficulty, whereas, in 
many cases only 50-55% results with gas firing, largely 
because of the use of inefficient types of burner. 

A typical result with “‘Gako” turbulent burners using 
coke-oven gas on a 30 ft. by 8 ft. 6 in. “ Lancashire ”’ boiler 
et a steelwerks shows 82-3% thermal efficiency without 

iperheaters and economisers, a remarkable performance. 
.sn average of 20,800 cu. ft. of coke-oven gas, 460 B.Th.U. 
per cubic foot, was burnt per hour on a detailed test, while 
the evaporation was 6,285 lb. of water at 157°F. per hour, 
equivalent to 7,542 lb. from and at 212° F. This corre- 
sponds to 363 lb. of water evaporated from and at 212° F. 
per 1,000 cu. ft. of gas, which is 82-3%, thermal efficiency. 

The steam pressure also, it may be stated, was 84 lb. 
per sq. in., while the flame temperature averaged about 
2080° F., with 850° F. in the combustion gases, containing 
9.7-10.0°%, CO, at the end of the boiler flues, and 512° F. 
at the boiler dampers. 
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OLSEN BRINELL HARDNESS TESTER 


THE accompanying illustration shows a hand-operated 
No. 1 hydraulic type Olsen Brinell hardness tester, one of 
the range of Olsen testing machines which is being built 
under licence by Edward G. Herbert, Ltd., Manchester. 
The Brinell load is applied hydraulically by a pump 
actuated by the lever at the top of the machine, and the 
load is at all times indicated on the gauge, while it can be 
automatically checked at any load up to 3,000 kilogs. 
Weights are provided for pressures corresponding to 500, 
1,000, 1,500, 2,000, 2,500, and 3,000 kilogs., and act as a 
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Olsen Brinell 
hardness tester. 


Quick-reference indicator for 
alloy steels. 

safety device and as a check on the gauge readings. Safety 

catches limit the motion of these check weights, and a 

locking device protects the pump when not in use. 

The ram in the hydraulic press works without packing, 
leakage being prevented by accurate fitting of the ram 
in the press cylinder. For holding small round specimens 
a separate Vee block for use on the top of the flat anvil 
is supplied. In this model the horizontal distance from 
the frame to the centre of the ball is 4 in., and the maximum 
vertical clearance from the flat anvil to the ball is 7} in. 
Larger capacity machines are also built. Some idea of the 
sturdy construction of this machine can be gained from 
the weight—190 lb. nett. 


NOVEL QUICK-REFERENCE 
INDICATOR FOR ALLOY STEELS. 


SAMUEL Fox anpd Co., Lrp., Stocksbridge, near Sheffieid, 
a constituent company of the United Steel Companies, Ltd., 
are issuing a novel quick-reference indicator for structural 
alloy steels, an excellent idea of which is given in. the 
accompanying illustration. 

Information regarding twenty different qualities of alloy 
steel are given on a circular table printed on the body of the 
chart. The top half of the table gives details of the approxi- 
mate ranges of tensile strengths of case-hardening and oil 
and air-hardening steels, and the bottom half gives the 
names and references of twenty qualities of steel made by 
Samuel Fox and Co., Ltd., their composition and the 
relative B.S.1. and Aircraft Specifications with which they 
comply. 

Imposed on this table is a movable disc with ** windows ” 
and two arrow-heads. By matching the point of the lower 
arrow-head with the name of any of the steels on the main 
table, the “‘ windows ” in the movable disc show the mech- 
anical properties, an index to the relative price, and details 
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of the necessary heat-treatment. The top arrow-head shows 
to which class of steel the particular quality indexed belongs 
—i.e., case-hardening, oil or air-hardening, with the range 
of tensile stresses. The reference indication can be reversed. 
That is to say, if, for example, a case-hardening steel of 
40-45 tons tensile is required, by matching the top arrow- 
head with any of the points within the ‘ 40-45 tons ” area 
of the case-hardening section, any of the steels shown by 
the lower arrow-head will be suitable. 

The chart is very useful in that a large amount of 
information is contained in a comparatively small space— 
the size of the chart is approximately 20 in. x 12} in., 
and full details of any of the steels are shown by one 
movement of the disc. This chart can be obtained by 
application, under your business heading, to the United 
Steel Companies, Ltd., Publicity Department, 17, West- 
bourne Road, Sheffield, 10. 


MOULDING SAND TESTING 
APPARATUS. 


Ir is gradually being recognised by foundrymen that 
considerable saving in the cost of materials and in 
the quality of the products can be effected by the 
regular testing of the moulding sand used. It has been 
shown that such a practice results in the elimination of 
many of the troubles which give faulty castings, such as 
low bonding strength, excessive moisture, low permeability, 
bad skin, ete. Controlled tests, however, also effect 
economies in enabling the foundryman to avoid the 
excessive use of new sand, and facilitates the use of sands 
from new sources, because a selection can be made accord- 
ing to merit and cost without the need of a practical trial 
at the risk of disappointment and spoilt castings. 

At one time it was thought that the chemical analysis 
of moulding sands was adequate, but foundrymen ap- 
preciate that this supplies only part of the information. 
A knowledge of bond strength and _ permeability is 








Fig. 5. 


Fig. 4. Fig. 3. 
essential, and the advantage of having the means of 
measuring and expressing these properties in definite 
terms, instead of relying simply on the “feel” of the 
sand resulting from experience, is now available in the 
form of suitable testing apparatus. Generally, suitable 
apparatus enables definite comparisons to be made quickly 
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Fig. 2. Fig. 1. 


between different sources of sand and different deliveries 
from the same source ; the improvement conferred upon 
sand by milling can be measured, and it is often possible 
to effect economies by making greater use of floor sand ; 
and inexpensive sand mixtures can be controlled so as to 
give the required permeability and bond strength. 

Many types of apparatus have been advocated from 
time to time, but those which are, perhaps, most widely 
adopted in Great Britain have been recommended by the 
British Cast Iron Research Association, or the American 
Foundrymen’s Association, but an equipment is shown in 
the accompanying illustrations which is a modification of 
these, and is strongly recommended. This equipment 
comprises a combination of the two types mentioned, and 
made it possible for tests for permeability and compression 
strength to be carried out on a sample of sand in a few 
minutes. It is supplied by Ridsdale and Company, foundry 
metallurgists, 3, Wilson Street, Middlesbrough. 

The principle of determining the permeability of mould- 
ing sands in the above apparatus is to force a definite 
volume of air (usually two litres) slowly at a pressure of 
between five and 10 centimeters of water through a rammed 
specimen of sand in a cylinder, and to measure the time 
taken, and the pressure. The permeability is then cal- 
culated, or found by referring to a chart. 

The illustration Fig. 1 shows the A.F.A. type of perme- 
ability apparatus with supplementary equipment which 
enables the permeability to be determined either by the 
A.F.A. method, using standard rammed 2-in. by 2-in. 
test-pieces, or by a modification of the B.C.I.R.A. method, 
hand rammed, or by “ squeeze’ ramming “single ”’ or 
“double” impression methods advocated by W. V. 
Buchanan, which enables sands to be tested at varying 
densities. 

Richardson’s alternative modified form of apparatus 
which may be operated with or without a water supply 
from a tap, is shown in Fig. 3. The chief difference from 
the A.F.A. apparatus is that air is forced at a much higher- 
pressure (3 ft. head of water) in a shorter time through the 
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specimen. For routine work, therefore, Richardson claims 
to get satisfactory permeability by measuring the pressure 
only, thus eliminating the need for the use of a watch for 
timing. 

The B.C.1.R.A. compression strength core-box is shown 
at Fig. 2 ; it may be hand rammed or, preferably, ‘‘ squeeze” 
rammed at various densities by the “‘ double compression ”’ 
method previously mentioned. The dimensions of the test- 
piece produced are 1} in. in diameter by 2} in. long. The 
standard A.F.A. test-piece (2 in. diameter by 2 in. long) 
may be standard rammed by means of the A.F.A. drop 
rammed, as in Fig. 5, or it may be squeeze rammed at 
various densities by the ‘‘ Buchanan ”’ single-compression 
method. The compression strength of either of these 
test-pieces may be found by crushing the specimen in the 
compression tester advocated by the B.C.I.R.A., as shown 
in Fig. 4. The specimen, it will be noted, stands on a 
spring balance, and is crushed by means of a vertical 
plunger, which is gradually screwed down until the specimen 
collapses. The pounds pressure at which the specimen 
breaks is noted on the dial of the spring balance. 

The apparatus which Ridsdale and Co. supply does 
not require the services of a trained chemist, but may 
be used by an intelligent foundry apprentice, after a little 
experience. The equipment is simple, portable and robust, 
it does not require a regular supply of gas or water, and it 
is reliable. 


A LARGE STEEL CASTING. 
Tue Cammell Grimesthorpe Steel Foundry of the English 
Steel Corporation has successfully manufactured many 
difficult and intricate castings, and has just added another 
to its credit. 
Our illustration shows one of the three castings, all of 
similar size, which have just been cast, and which go to 





One of three similar castings for a pump bedplate for 
large forcing press. 


make up the main pump bedplate for the electrically 
driven hydraulic high pressure three-throw ram pump 
which is being supplied by Messrs. Vickers-Armstrongs, 
Ltd., Elswick, for the 7,000 tons forging press now being 
installed at the Vickers Works of the English Steel Corpora- 
tion. Incidentally, there is very little doubt but that when 
this pump is finished it will be the largest electrically-driven 
pump of this type ever manufactured, not only in this 
country, but in the world. 

On looking at this casting, one hardly appreciates at 
the first glance the difficulties which the foundrymen 
have had to contend with, but when it is mentioned that 
although the finished casting was 22 ft. 6in. x 7 ft. 4 in. 
wide x 6 ft. deep, and weighed 30 tons 12 cwt., its cross 
ribs and slide-bed members were only 1} in. thick and its 
walls 1}?in. thick, and that it was necessary to use 70 
different types of cores, the largest being 7 ft. x 3 ft. 6 in. 
x 18in. deep, and the smallest 2 in. x lin., it will be 
realised that the greatest skill has been called for in the 
production of such a casting. 
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BLAST-FURNACE GAS-CLEANING 
INSTALLATION at the TATA WORKS. 


Some further information has now been made available 
concerning the order that the Tata Iron and Steel Co., Ltd., 
Bombay, have placed with Messrs. Lodge-Cottrell, Ltd. 
(George Street Parade, Birmingham and London) for 
electrostatic precipitation plant to clean the blast-furnace 
gas at their Jamshedpur works. The latest scientific 
principles are included, with operation on the 2-siage fine 
cleaning method such as is being installed by the same firm 
for the South African Iron and Steel Industrial Corporation 
and for Stewarts and Lloyds, Ltd., at Corby, near Kettering 
(Northants). 

This installation for Jamshedpur will also be the largest 
blast-furnace gas cleaning plant in the world, to deal with 
a volume of 14,000,000 cub. ft. per hour (normal tempera- 
ture and pressure) with a guaranteed performance of 
reduction of the dust content to not over 0-0088 grains 
per cubic foot (0-020 grms. per cubic metre). In this 
connection it may be stated that the average dust content 
of the crude blast-furnace gas at the Tata Works is un- 
usually high, reaching 16 grains per cubic foot (37 grms. 
per cubic metre). 

The gas also is to be cooled to a temperature within a 
range of 104-122° F., considerably warmer than normal 
practice, because the cooling water available is already 
80-100° F., while also the water is to be re-circulated in 
view of the need for economy, the actual make-up water 
being calculated to be only 5,000 gals. per hour. 

The installation is to take gas from three blast-furnaces, 
and will consist of four pre-coolers, eight first-stage electro- 
filters bringing the bulk of the dust down in the dry con- 
dition, eight final coolers using water sprays, and eight 
second-stage electro-filters to remove the residual dust and 
all the moisture in suspension. In general, 97-98%, of the 
dust is removed in the dry stage from the hot dirty gas 
during the first stage, while the remaining 2-3% with all 
the water particles removed in the second stage. Included 
will be a complete range of instruments for scientific 
control, such as indicating and recording pyrometers, 
indicating and recording pressure gauges, volume meters, 
and special apparatus to determine the dust content of the 
clean gas, while a considerable degree of automatic control 
is also being installed. 

The clean gas will be largely used for heating the blast- 
furnace stoves, as well as steam boilers in connection with 
a new station that is planned. It is the intention also to 
use part of the gas eventually for firing by-product coke 
ovens, thus releasing a corresponding amount of rich coke- 
oven gas, while still another application for the clean blast- 
furnace gas will be in the steelworks, after enrichment with 
coke-oven gas. 

This electrostatic precipitation plant is the first step in a 
complete scheme that is to be carried out in the Tata 
Works in order to effect the maximum fuel economy, and 
it may be stated also that before placing the order the Tata 
engineers visited a large number of different countries to 
inspect the various types of gas-cleaning equipment avail- 
able, which makes the order given to a British firm all the 
more welcome. 


Modification of Desulphurising Process 
for Thin Castings. 


The desulphurisation of cast-iron by sodium carbonate is a 
practice now well known to every foundryman, and one which 
has found widespread adoption since its introduction two 
years ago. A new booklet recently published describes an 
entirely new and fully-proved modification of the existing 
process, especially designed to meet the difficulties experienced 
by manufacturers of light castings. The modification consists 
in the admixture of ground limestone with the sodium car- 
bonate in the ladle, and while in no sense displacing the normal 
treatment for heavy castings, its adoption is bound to result 
in time-saving in mass-production foundries. A copy of this 
publication is available from Imperial Chemical Industries, 
Ltd., Millbank, London, 8.W. 1. 
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Business Notes and News 


Further Reorganising at Vickers Works, 
Sheffield. 


At the board meeting of the English Steel Corporation, Ltd., 
held in London, on November 16, it was decided to spend 
approximately an additional £500,000 in continuation of the 
programme of reorganising and bringing up to date its 
extensive plant at the Vickers Works, Sheffield. 

The English Steel Corporation, which comprises the steel 
interests of Vickers, Armstrong-Whitworth, Cammeli Laird, 
Darlington Forge, and Industrial Steels, Ltd., has, at Sheffield, 
the largest drop stamping plant in the country, and we under- 
stand the money will be expended chiefly on that department 
and on the extension of facilities for the heat-treatment of 
special steels. Provision is also made for the installation of 
one further open hearth furnace in their new steel-melting 
house, completing a battery of four 60-ton furnaces. 

During the past two years, the English Steel Corporation 
has entirely rebuilt its steel melting plant, and has re-equipped 
its heavy machine shop. It is also engaged in the reconstruc- 
tion of its heavy and medium forges. The rolling mills, heat- 
treatment, and warehousing facilities for the production of 
stainless and other high-grade steel bars have also been 
greatly extended. With the new expenditure now sanctioned, 
the cost of the works reconstruction to date will be about 
£1,250,000. The finance is being provided by Vickers, Ltd. 

We understand that the valume of orders booked by the 
English Steel Corporation this year shows a substantial im- 
provement, and the directors are confident that the policy 
of equipping the works with the most modern and up-to-date 
plant will put the Corporation in a position to reap the full 
benefit from a revival of commercial activity. 


Tin Control Agreement. 


The agreement for the international control of tin, signed 
on October 27, has just been published. The scheme provides 
for a continuation of control over production and export, and 
will continue in operation for three years from January 1, 
1934, and may be extended, but any such extension will be 
considered at least twelve months before the date on which 
the scheme would otherwise cease to operate. 

Bolivia, Malay States, Netherland East Indies, and Nigeria 
were the signatory Governments to the scheme, while Siam 
has also signed agreements. The scheme will be administered 
by a Committee representing the five Governments, and will 
be known as the International Tin Committee. Each signatory 
Government under the scheme will be allotted a standard 
tonnage in terms of metallic tin, the standards agreed upon 
being: Bolivia, 46,490 tons ; Malay States, 71,940 ; Nether- 
land East Indies, 36,330; Nigeria, 10,890, giving a total of 
165,650 tons. The Government of Siam agrees that its annual 
export, calculated on the basis that the ore contains 72°, 
of metal, shall not exceed 9,800 tons ; provided that, if and 
when the export quotas of the four other countries reach 65°, 
of the agreed standard tonnages, any percentage increase in 
the export quotas shall be applicable to Siam. 

The quota period will commence on the first day of each 
quarter of each year. Changes in the quotas will be made as 
seldom as possible, and all recommendations of the Committee 
regarding changes must represent the unanimous decision of 
the delegations representing the signatory Governments, and 
each signatory will be responsible for allotting its quota among 
its individual producers. 

A supplementary agreement to the scheme states that it is 
agreed that the Netherland East Indies may in 1934 export 
355 tons of metallic tin more than its quota under the scheme, 
and that in the same year Bolivia will export 300 tons less 
and Nigeria 55 tons less than their respective quotas. 


Soviet Ferro-Alloys Plant. 


The ferro-manganese plant in Zestafoni, Western Georgia, 
is to be put into operation in the near future. The equipment 
is now being tested. The plant is expected to produce four 
thousand tons of ferro-alloy during the remainder of the 
present year. 

Huge deposits of manganese ore are situated near the plant 
in Chiatura, and coal is also found in the vicinity. It is the 
only plant in the Soviet Union producing ferro-alloy for the 
steel industry. 
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Suggested Endowment of Research. 


A plan for endowing British industrial research for all time 
with £20,000,000, to be drawn over ten years from the tariff 
revenue, is being considered by the heads of the twenty-four 
industrial research associations of Great Britain. 

The scheme has been put before them by the Joint Com- 
mittee of the British Science Guild and the Association of 
Scientific Workers. The research associations, which were 
founded mostly just after the war by the Department of 
Industrial and Scientific Research, with the aid of £1,000,000 
grant from Parliament, represent twenty-four different 
branches of British industry. The £1,000,000 fund is now 
exhausted, and many associations are in grave difficulties. 

The suggested scheme is based on the assertion that while 
the imposition of tariffs has benefited both the Exchequer 
and the manufacturer, the consumer has not benefited, since 
he can no longer buy in a free market. The vigorous prosecu- 
tion of industrial research to improve the quality of British 
goods would be a fitting compensation. 

It is accordingly proposed that the Government should set 
aside, say, £2,000,000 a year, from the tariff revenue to meet 
the current expenses of research and to form the endowment 
of the Department of Industrial and Scientific Research. After 
ten years the nation would have a permanent asset. If the 
scheme meets with the approval of the associations it will be 
pressed on the notice of Parliament and of the Government 


Tinplate Merger Offer. 


It is understood that Messrs. Richard Thomas and Co., steel 
and tinplate makers, in their offer to purchase the Ordinary 
shares of the Briton Ferry Steel Company at 30s. each, attach 
a condition that not less than 75°% of the total Ordinary shares 
issued are transferred to them. No offer is made for the 
Preference shares, but Messrs. Richard Thomas and Co. 
guarantee the regular payment of 5°% interest, less tax, pro- 
viding that the whole of the Preference shareholders will 
cancel the right to receive the 5% free of tax, and also guarantee 
payment of capital in full should the Briton Ferry Company 
be wound up. 


Dorman Long’s Moratorium Scheme. 


Dorman Long and Co., Ltd., have issued to their stockholders 
a scheme for a temporary loan of £300,000 during the period 
of a proposed moratorium. The circular states that the step 
is necessary in view of the increase in business and to make 
provision for increased facilities for general working capital. 
General indications are that the revival of trade is likely to 
continue enabling appreciable reduction in costs of production 
to be secured, while, at the same time, prices of finished 
products display a definite upward tendency. These factors, 
it is held, will materially assist the position of the company 
if the three months’ moratorium now asked for is granted. 

The scheme is subject to stockholders agreeing, as set out 
in the scheme of arrangement, to the company being entitled 
to borrow an amount not exceeding £300,000 upon security 
ranking in priority to that of the 5}°,, Debenture stock. It is 
also announced in the circular that it is the intention of 
Barclays Bank to retire from their position as trustees for the 
53°, Debenture stockholders in favour of a trustee to be 
appointed by the stockholders. 

Arrangements have been made with the company’s bankers, 
we understand, to cover the moratorium period. It should, 
of course, be clearly understood that there will be no inter- 
ference with the company’s trade credits and business will 
continue on perfectly normal lines. 

Though the proposal for amalgamation between this Com- 
pany and the South Durham Steel & Iron Co. is now termina- 
ted, there is ground for believing that ultimately agreement 
will be reached for a working arrangement; It may take a 
considerable period before the time is ripe for any further 
steps in this direction, but it appears to be an obvious step 
in the evolution of the industry. 


The directors of the Imperial Smelting Corporation, Ltd. 
announce an agreement with the Sulphide Corporation, Ltd., 
under which a subsidiary of the Imperial Smelting Corporation, 
Ltd., will acquire the business of the spelter, zine oxide, and 
sulphuric acid works owned by that company at Seaton Carew, 
near West Hartlepool. They have also arranged to acquire the 
share capital of the Delaville Spelter Co., Ltd., in the 
Birmingham area. These purchases do not involve the raising 
of any fresh capital. 
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Tees-side Developments. 


Idle plant in Middlesborough and district is gradually being 
restarted, to meet the increasing demand for iron and steel. 
Messrs. Dorman Long and Company have blown in two 
additional blast-furnaces to produce basic iron This increases 
the number in operation on the north-east coast to 21, leaving 
65 stacks still inactive. This company have reopened their 
Acklam Steelworks, which have been shut down for the past 
three years, and are taking steps to put into operation two 
steel furnaces at their Britannia Works. It is stated that 
sufficient orders are on hand to run the Acklam mills to the 
end of the year on a production of 4,000 tons per week. The 
trade improvement has also led the firm to introduce two-shift 
working at their North Skelton ironstone mine. One of the 
blast-furnaces to be restarted has been modernised, and its 
output capacity, at 2,800 tons of iron per week, has been 
doubled. 


Award of the Williams Prize 


The Williams Prize of the Iron and Steel Institute has this 
year been awarded by the Council jointly to Mr. D. F. Marshall, 
of Sheffield, for his paper on ‘‘ The External Heat Loss of a 
Blast-furnace,’’ which was presented at the last annual meeting 
of the Institute in London, and to Mr. A. Robinson, of Scun- 
thorpe, for his paper on ‘‘ Some Factors Leading to Greater 
Production from a Steel Furnace,” which was presented at the 
autumn meeting of the Institute held in Sheffield in September 
last. 


Steel Institute Prize. 


The Williams Prize of the Iron and Steel Institute this year 
has been awarded jointly to Mr. D. F. Marshall, of Sheffield, 
for his paper on “ The External Heat Loss of a Blast Furnace,” 
and Mr. A. Robinson, of Scunthorpe, for his paper on “‘ Some 
Factors Leading to Greater Production from a Steel Furnace.” 


Some Recent Contracts. 


Messrs. Glenfield and Kennedy, Ltd., of Kilmarnock, 
and Sir William Arroll and Co., of Glasgow, have been awarded 
a contract to the value of £125,000 to supply sluice gates and 
steelwork for the Gebel Awlia Dam. Messrs. Glenfield and 
Kennedy’s share amounts to about £70,000. Sir William 
Arroll and Co. are supplying lock gates, capstans, pontoons, 
and a list bridge. 


Orders for the construction of 2,000 new freight wagons 
have been placed by the London, Midland and Scottish 
Railway. Four hundred of these wagons will be built in the 
company’s own workshops, and the remainder have been 
ordered in equal proportions from Birmingham Railway 
Carriage and Waggon Co., Ltd.; Metropolitan Cammell 
Carriage, Waggon, and Finance Co., Ltd. ; Charles Roberts 
and Co., Ltd., of Horbury Junction, Yorkshire ; and Hurst, 
Nelson and Co, Ltd., of Glasgow. 

All the 2,000 wagons will be of the 12-tons open type for 
conveying general merchandise, and will be fitted with a 
continuous brake to enable them to be used in high-speed 
freight trains. They will be fitted with under-frames con- 
structed wholly of British steel 


The London and North Eastern Railway has just announced 
the 1934 building programme. It includes 101 locomotives, 
which are to be built at Doncaster and Darlington. The 
Doncaster portion of the programme will include 15 express 
passenger engines, 8 mineral engines, and 16 passenger tank 
engines. Those to be built at Darlington are 5 large express 
passenger, 25 other express passenger, 10 mixed traffic, 12 
goods, and 10 other locomotives. During the year five tourist 
trains of an entirely new type will be placed in service, and 
several buffet cars and brake thirds will be constructed at the 
company’s shops at York and Doncaster 

G. P. Wincott, Ltd., Sheffield, have received an order from 
English Steel Corporation, Ltd., Vickers Works, Sheffield, 
for the installation of a 40-ton O.H. steel-melting furnace. 
This follows the installation of three 60-ton Wincott furnaces 
which have recently been put into operation at Vickers’ Works. 
Messrs. Wincott are also engaged upon the designing and 
installation of ten large producer gas-fired forge furnaces for 
the same concern. 


DeceMBER, 1933. 


Vickers-Armstrong, Ltd., Barrow-in-Furness, have been 
awarded the contract for a new Orient liner. The Orient Line 
state that this new vessel will be a logical development of the 
Orontes (19,970 tons), whose design she will generally resemble, 
though to save space she will have a single funnel instead of 
two. Her tonnage will be greater, probably over 22,000 gross, 
and she will have about 5ft. more beam. The length will also 
be slightly increased. Accommodation will be provided for 
475 first-class passengers and from 600 to 700 in the cabin 
class. Like the Orontes, she will be propelled by turbine 
engines of the most modern design. 


Messrs. Scott’s Shipbuilding and Engineering Co., Greenock, 
we understand, have secured a contract for the construction 
of a large passenger and cargo vessel for London owners. Diesel 
engines will be fitted by the builders. 





Messrs. Harland and Wolff have received an order for a 
13,000-ton refrigerated motor cargo ship from the Shaw, 
Savill, and Albion Co. The new vessel, which will be 515 ft. 
long and have a speed of 16 knots, is designed for the United 
Kingdom-—New Zealand trade, and will be built in the Clyde 
yard. 





Messrs. 8S. P. Austin and Son, of Sunderland, have received 
an order for three steamers from Cory, Colliers, Ltd., and a 
further order to build a 4,250 tons steamer for France, Fenwick 
and Co., London. The engines will be supplied by the North 
Eastern Marine Eng. Co., Sunderland. 

The Vulean Foundry, Newton-le-Willows, has secured an 
order for five locomotive boilers for an Indian railway. This 
firm recently received orders from the London, Midland and 
Scottish Railway for fifty mixed traffic locomotives. 

Messrs. H.. Lees and Co., Ltd., of Glasgow, have received an 
order from the London and North Eastern Railway for the 
erection of an electrical coaling plant for locomotives at Boston. 

English Electric Co., Ltd., Stafford, have received four 
contracts, the total value of which is stated to be about 
£67,000. One contract covers switchgear and transformers 
for the Whingate sub-station of the Leeds Corporation. 
Another was placed by the Kettering Urban District Council 
for switchgear in connection with the new station giving the 
electric supply to the new mill of Messrs. Stewarts and Lloyds 
at Corby. Parallel with this order is a contract received from 
Stewarts and Lloyds for metal-clad switchgear required for their 
new mills at Corby. This contract includes the supply of 
sixteen transformer units. A separate order has been placed 
by the Central Electricity Board for a 10,000-k.v.a. 33,000-volt 
transformer for the sub-station at Kettering. 

A further announcement by the London, Midland and 
Scottish Railway indicates that £8,400,000 is to be spent on a 
vast scheme of reconditioning and replacement. The pro- 
gramme includes 232 locomotives, 159 locomotive boilers, 
674 carriages, and 5,365 waggons. In addition, the company 
propose to renew 500 miles of permanent way, representing 
80,000 tons of rails. 








Catalogues and Other Publications. 


Road tests have shown that the use of hardened and 
tempered cylinder liners double the service obtained from 
motor cyclinders for the same amount of wear obtained under 
ordinary conditions. In one particular case, an engine fitted 
with hardened liners and rings gave a result of 18,000 miles 
per .00lin. of cylinder wear. Considerable technical and 
general information regarding these hardened and tempered 
cylinder liners are given in a brochure recently published by 
The British Piston Ring Co., Ltd., Holbrook Lane, Coventry. 

The Incandescent Heat Co., Ltd., Cornwall Road, Smeth- 
wick, Birmingham, has recently issued a new bulletin giving 
a comprehensive survey of the wide range of furnaces and 
equipment for all industries manufactured by this firm. The 
range covers gas, oil, electric, producer gas, and coal-fired 
furnaces, together with charging machines, quenching plants, 
conveyors, gas producers, drying plants, melting and liquid 
bath furnaces, mechanical equipment, mill gear, pyrometers, 
automatic controllers, etc. Many illustrations of installations 
are given, and readers interested should obtain a copy. 
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PRIEST FURNACES 


Forge, Drop Stamp and Continuous Billet Heating ; 
O7 for Shipyard and Boiler-plate Reheating ..... ior all 
Heat-treatment, including Annealing and Normalizing 


We are experts in the design and installation of Melting Furnaces for Steel, 
Iron and Non-Ferrous Metals. 

It will be in your interest to consult us for your requirements for Drying Stoves, 
and for Industrial Heating of all kinds. 


PRIEST FURNACES LTD., 


’Phone : Middlesbrough 3981. ’Grams : “Priest, Middlesbrough’ ° 2 



















THIS BOOKLET 


is of the greatest value to 
those interested in the 
building and allied “a 
trades 
It will gladly be supplied on | 
application to , 

; COPPER TUBES 
1.C.l. METALS LTD. — 
(A SUBSIDIARY COMPANY OF IMPERIAL CHEMICAL ‘O LDITE’ 

a Sn | SO) Mid Noh 1O)) OOS amines 
KYNOCH WORKS, FOR DOMESTIC WATER SERVICES 
WITTON, I es avaivc SOM Beubieewnn 
BIRMINGHAM, 6 





METALLURGIA 


MARKET PRICES 


DecEMBER, 1933. 








ALUMINIUM. 


98/99% Purity 


ANTIMONY. 
0 to £40 


English £37 10 
Chinese 


Crude 


Solid Drawn Tubes 
Brazed Tubes 
Rods Drawn 

Wire 


COPPER. 


Standard Cash 
Electrolytic 

Best Selected 
Tough 

Sheets 

Wire Bars 

Ingot Bars 

Solid Drawn Tubes 
Brazed Tubes 


FERRO 
tTungsten Metal Powder .. 
tFerro Tungsten 

Ferro Chrome, 60-70% Chr. 
Basis 60% Chr. 2-ton 
lots or up. 

2-4%, Carbon, scale 11 

per unit 
4—-6% Carbon, scale 7 
per unit 
:\6-8% Carbon, scale 7 
per unit 
. (s-10% Carbon, scale 7 
per unit 
§Ferro Chrome, Specially Re- 
fined, broken in small 
pieces for Crucible Steel- 
work. Quantities of 1 ton 
or over. Basis 60% Ch. 
Guar. max. 2% Carbon, 
scale 11/0 per unit .. 

Guar. max. 1% Carbon, 

scale 12/6 per unit 
§Guar. max. 0-7% Carbon, 
scale 15/— per unit 

tManganese Metal 97-98% 

Mn. 
tMetallic Chromium 
§ Ferro-Vanadium 25-50%. . 
§ Spiegel, 18-20% 
Ferro Silicon— 
Basis 10%, 
per unit 
20/30% basis 25%, 
3/6 per unit 
45/50% basis 45%, 
5/— per unit 
70/80% basis 75%, 
per unit 
90/95% basis 90%, scale 
10/— per unit 
§ Silico Manganese 65/75°% 
Mn., basis 65% Mn. 
§Ferro-Carbon Titanium, 
15/18% Ti 

Ferro Phosphorus, 20-25% 
§ Ferro-Molybdenum, Molyte 
§ Calcium Molybdate 


FUELS. 


Foundry Coke— 


AL 


NOMIN 


scale 


Scotland 

Durham 
Furnace Coke— 

Scotland 


Durham 


* McKechnie Brothers, Ltd., quoted 


ALLOYS. 


ton 


*Admiralty 
(88: 10; 2) 


*Gunmetal Bars, 


GUN METAL. 


Gunmetal 


Ingots 


*Commercial Ingots 


Tank brand, 


lin. dia. and upwards... Ib. 


*Cored Bars ..... 


Soft Foreign 
English 


eee ee eewe ” 


9 
0 


MANUFACTURED IRON. 


Scdtland 
Crown Bars, B 
N.E. Coast— 
Rivets 


Common Bars 
Lancashire 

Crown Bars 

Hoops cen ob be 
Midlands 

Crown Bars. . 

Marked Bars.. 


Unmarked Bar: 


Nut and Bolt 
BOE sc winkan 

Gas Strip 

. Yorks 

Best Bars .... 

Hoops 


Ib. 


est 


£10 10 0O to 
£8 0 0 to 


Bwsccccvcccce 


£6 15 0 to 


£10 10 Oto 12 0 


PHOSPHOR BRONZE. 


*Bars, 
and upwards 
*Cored Bars ..... 

tStrip 

tSheet to 10 W.G. 
+tWire 

tRods 

tTubes 

tCastings 


* Tank ”’ brand, 1 in. dia. 


Solid 


710% Phos. Cop. £30 above B.S. 
715% Phos. Cop. £35 above B.S. 
tPhos. Tin (5%) £30 above English Ingots. 


PIG IRON. 


Scotland 


Hematite M/Nos. .......... 


Foundry 


N.E. Coast— 
Hematite 
Foundry 


Silicon Iron 

Forge 
Midlands 

N. Staffs Forge 
- Foun 
Northants— 

Foundry 

Forge No. 4 

Foundry No. 3 
Derbyshire Forge 


= Founc 


£3 6 
3.7 
5 


3 f 


ore 


te bo 


So 


» No. 4 
dry No. 3... 


Foundry No. 1.... 3 9 


ay me. 8... & SG 


West Coast Hematite ........ 0 


East ” , 
15 
Ib. O 
0 


anewo 


” 


Kr. per Englis 


> 


SWEDISH CHARCOAL IRON 
AND STEEL. 


h ton @ 18-16 to £1 


approximately. 


Pig Iron Kr. 93 

6 tol 5 Billets Kr. 230- 
1 8 
Otol 5& 
1 5& 

0 to 019 


Kr, 2 
All per English 


Subject to Market fluctuations. 


290 £12 13 4-£16 0 


D O 
Wire Rods Kr. 265-320 £14 12 6-£17 12 6 
Rolled Bars (dead soft) 

Kr. 185-210 £10 4 O-£11 11 0 
Rolled Charcoal Iron Bars ‘ } 


90 16 0 
ton, f.o.b, Gothenburg. 


SCRAP METAL. 


Copper Clean 
a Braziery 

Brass 

Gun Metal 

Zine 

Aluminium Cuttings 

Lead 

Heavy Steel— 
eee er 
Scotland 
Cleveland 

Cast Iron— 
Midlands 


6 


Cleveland 

Steel Turnings— 
Cleveland 
Midlands 

Cast Iron Borings— 
Cleveland 
Scotland 


SPELTER. 
G.O.B. Official 


English 
India 


Ship, Bridge, and Tank Plates 
Scotland 
North-East Coast 
cian ecdeheeeaewun 
Boiler Plates(Land), Scotland .. 9 
(Marine) _,, ne 
“ » (Land), N.E. Coast 10 
° >» (Marine) 1 
Angles, Scotland 
o North-East Coast 
o Midlands 
Joists 
Heavy Rails 
Fishplates 
Light Rails 
Sheftield— 
Siemens Acid Billets........ 
Hard Basic ....£8 2 6 and 
Medium Basic..£6 12 6 and 
Soft Basic 


” ” 


Manchester 
p £9 0 Oto 10 
Scotland, Sheets 24 B.G 


Soo ooooco ofO 


Co of CCD 


CO SOeSea SCoocesaeaco oaecSo 


HIGH SPEED TOOL STEEL. 


Finished Bars 14% Tungsten .. 
Finished Bars 18% Tungsten .. ,, 
Extras 
Round and Squares, }in. to jin. ,, 
Under }in. to jin. .......... » 
Round and Squares 3in. ...... o» 
Flats under lin. X jin. 
sin. X jin. 


” ” 


Standard Cash 


Australian 
Eastern 


English Sheets 
Rods 

Battery Plates 
Boiler Plates.... 


Buyers are advised to send inquiries for current prices. 


§ Prices quoted Dec, 12, ex warehouse. 


Ib. 


2/- 
2/9 


3d. 
1/- 
4d. 
3d. 
1/- 


Dec. 12. 7}. Clifford & Son, Ltd., quoted Dec. 12. $ Murex Limited, quoted Dec. 12, 








~~ 


